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utrient Distribution Effects from Freshwater Discharge at Franklin Lock and 
Dam (S-79) on the Caloosahatchee Estuary and San Carlos Bay, Fort Myers, FL 
 
Kristan M. Uhlenbrock 
 
ABSTRACT 
Nutrient distribution correlates with discharge of freshwater from Franklin Lock 
and Dam structure (S-79) by delivery into the Caloosahatchee Estuary (CE) and out of 
this area, including the surrounding San Carlos Bay (SCB) and adjacent West Florida 
Shelf.  This study analyzed the temporal and spatial distribution of nutrients along the CE 
waterway and illustrates the effects high freshwater discharge from S-79 has on the 
coastal and offshore environments, providing a potential source of nutrient input.  This 
study consisted of a 7-station transect monitored biweekly from April 2005 thru August 
2006 for nutrients, dissolved oxygen, chlorophyll a, and salinity, along with the 
corresponding freshwater discharge from S-79.  High flow rates correlated (r2=0.7488) 
with decreased salinity downstream from S-79.  At high discharge, over 140 m3 s-1, 
nutrients were noticeably transported downstream to SCB; during extreme high flow 
rates of 285 m3 s-1, it takes a little less than 4 days for a particle of water to travel from S-
79 to the mouth of the estuary. There is evidence from the SATlantic ISUS deployment 
that pulses of water from S-79 correlated with downstream increased concentrations of 
nitrate on a daily temporal scale.  The assumption that upstream estuarine waters are 
potentially carrying nutrients downstream can only be conjectured for high flow rates.  
   
xiv  
Low flow rates (less than approximately 28 m3 s-1) corresponded to hypoxia during the 
summer months of 2006.  The highest chlorophyll a concentrations were found either 
during decreased flow rates or summer months.  Chl a (>3.0 µm) in SCB and the mouth 
of the CE was above 4 µg l-1 in July through October 2005 and ranged from 1.24 to 9.62 
µg l-1 in June through August 2006. Karenia brevis blooms were also present during this 
time.  Nutrient loading rates into SCB provided enough DIN and DON to support the 
maintenance of K. brevis.  Therefore monitoring and studying the amount of nutrient 
loading into coastal and offshore water can elucidate their importance on the surrounding 
ecology.   
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ITRODUCTIO 
The Caloosahatchee River (CR) is a direct waterway from Lake Okeechobee to 
the Gulf of Mexico which has not been studied in great detail.  Supplying freshwater for 
the surrounding agriculture and urbanized areas, the CR is a major source which impacts 
the West Florida Shelf (McPherson et al. 1996, La Rose and McPherson 1983, South 
Florida Water Management District 2000).  Nutrients from riverine input onto the shelf 
can influence physical and biological activities, including enhanced phytoplankton 
production and algal blooms.  These impacts are relevant to societal issues ranging from 
commerce to health.  Karenia brevis is a toxic dinoflagellate that blooms frequently along 
the west coast of Florida and has been linked to fish kills, marine mammal mortalities, 
and human health effects (Steidinger et al. 1998).  There is a common knowledge that 
coastal red tides are influenced to some extent by coastal and runoff nutrients (Heil et al. 
2001, LaPointe et al. 2006, Vargo et al. 2008).  Nutrient loading is a potential source that 
influences biological productivity, along with many other factors (Day et al. 1989).  River 
flow also affects primary productivity, salinity, light attenuation, dissolved oxygen, and 
nutrient loading as seen in studies of Chesapeake Bay and Neuse River Estuary (Malone 
et al. 1988, Mallin et al. 1993).  Transportation and release of water, via an artificial 
connection, from Lake Okeechobee has significantly altered the surrounding ecology of 
the CE (La Rose and McPherson, 1983).  Therefore studying freshwater discharge 
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influences on the nutrient concentrations in the estuary and other water quality 
parameters will give insight to estuarine and offshore ecology.  
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BACKGROUD 
The Charlotte Harbor estuarine system is made up of three rivers located on the 
southwestern portion of the Florida peninsula. The Myakka River is the furthest north, 
followed by the Peace River to the south, and the CR is the most southern flowing (Fig. 
1).  The CR flows into the San Carlos Bay before entering the Gulf of Mexico.  These 
rivers, along with Matlacha Pass, Charlotte Harbor Proper, San Carlos Bay and Pine 
Island Sound, comprise the Charlotte Harbor estuarine system.  The CR has been 
dredged, lengthened, deepened, and then channelized to support the agricultural need for 
irrigation, transportation, and supply water to the urban regions (Antonini et al. 2002).  
The Caloosahatchee region has a number of small tributaries and canals that drain into 
the river, including runoff from the Orange River (located downstream S-79) which 
drains into the estuarine portion. 
Prior to human development, the CR headwaters were situated at the basin of 
Lake Flirt which was 2 miles east of La Belle and near Ortana Lock (S-78) (Fig. 1). Early 
topographies show that the CR was narrower and did not reach Lake Okeechobee (Lake 
O).  Sawgrass beds made up the portion between Lake O and Lake Hicpochee 
(approximately 2 miles west of Lake O).  The area between Lake Hicpochee and Lake 
Flirt was made up of marshes and consistently faced flooding and drought.  During the 
wet seasons water would overflow from these lakes (now artificially connected) and spill 
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over into the CR (Antonini et al. 2002).  Looking historically at the changes to the CR, it 
is noted that due to channelization there has been an increase in flood events and a 
diminution in the water flow during dry season (South Florida Water Management 
District 2005).  Today the river extends 105 km from the Lake O to SCB (South Florida 
Water Management District 2000).  The CE is approximately 43 km long and the width 
ranges from 160 m in the upper portion to 2500 m downstream near SCB.  The CE depth 
varies between 0.3-6 m (Scarlatos 1988). 
 
Figure 1. Map of Caloosahatchee River and Charlotte Harbor study area displaying 
location of lock structures (South Florida Water Management District, 2003). 
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  Water control of the river is maintained by three locks developed by the Army 
Corps of Engineers: Moore Haven Lock (S-77), Ortana Lock (S-78), and Franklin Lock 
(S-79) (Fig. 1).  The tidal portion of the CR extends up to the Franklin Lock, which is the 
westernmost of the three.  The lock structures are designated as a sector gate-type, which 
is illustrated by their arc-shape and pivotal hinges where they connect to the wall (U.S. 
Army Corps of Engineers 2003).  Moore Haven Lock has a width of 50 ft, usable length 
of 250 ft and lift of 2 ft at normal pool (maximum level that water may rise).  Franklin 
Lock has a width of 56 ft, usable length of 400 ft and a lift of 3 ft at normal pool (U.S. 
Army Corps of Engineers 2004).  Discharge from S-79 is monitored by traffic operations 
and spillway openings.  The hydrology of the freshwater flowing from S-79 exits the CE 
into the southern portion of Charlotte Harbor through SCB and finally into the Gulf of 
Mexico, based on model simulations (Goodwin 1996).   It has been estimated that the 
annual discharge from Lake O reaching S-79 accounts for approximately 51 percent of 
the total freshwater discharge to the CE, ranging from 10-71 percent (La Rose and 
McPherson 1983); surface and subsurface runoff account for the remaining river 
discharge into the CE.  Doering and Chamberlain (1999) have estimated that the estuary 
volume can be filled over 8 times annually by the amount of freshwater discharged at S-
79, indicating large amounts of flushing with freshwater occur within the estuary.  
Water stages for the locks have been designated to provide enough water for use 
and navigation within the CR waterway.  Between S-77 and S-78 the water level is 
maintained at approximately 3.35 m NGVD (National Geodetic Vertical Datum); the 
water connecting S-78 and S-79 it is maintained at approximately 1 m NGVD; and 
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downstream of S-79 the NGVD is about 0.3 m (South Florida Water Management 
District 2000).   
The hydrology of the CR and CE system is affected by the water flow from Lake 
O and the lock structures along the waterway.  A daily release of water from these 
constructions enables the maintenance of the water level, within set regulations, and may 
thus affect the hydrology and ecology.  Minimum flow levels (MFLs) are designed to 
follow the requirements contained in Sections 373.042 and 373.0421 of Florida Statutes 
(F.S.). These are defined as the “. . . limit at which further withdrawals would be 
significantly harmful to the water resources or ecology of the area (Section 373.042(1), 
F.S.). Significant harm, as defined by the SFWMD in the Florida Administrative Code 
(F.A.C.) Section 40E-8.021(24), is the temporary loss of water resource functions, which 
result from a change in surface or ground water hydrology, that takes more than two 
years to recover, but which is considered less severe than serious harm” (South Florida 
Water Management District 2003).  In 2001, the MFL was set for the Caloosahatchee 
River and Estuary at 300 ft3s-1 (8.50 m3 s-1), based on the valued ecosystem component, 
Vallisneria americana.  Vallisneria is a submerged angiosperm grass most densely 
located between Beautiful Island (near station 6) and Fort Myers bridge (near station 5) 
(South Florida Water Management District 2000, South Florida Water Management 
District 2003).  The MFL rule was set to maintain salinity criteria of a 30-day moving 
average salinity of 10 psu and a daily average salinity of 20 psu, to avoid acute exposure 
to high salinity.  Although there is no regulation for maximum flow levels, previous 
studies have found high flows of about 70-85 m3 s-1 to be detrimental to other estuarine 
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species such as zooplankton, oysters, and seagrasses (Chamberlain and Doering 1998, 
Doering et al. 2002, South Florida Water Management District 2003). 
Rainfall effects on the river mainly occur during the wet season (May thru 
October), with an average annual rainfall of approximately 132 cm (South Florida Water 
Management District 2000).  During the dry season the main source of water flow is the 
release of water from Lake O for reasons such as agriculture uses, water supply for 
consumption, or a lower lake stage in preparation for hurricane season.  
The water quality of the CE is of concern to Florida Department of Environmental 
Protection (FDEP).  Currently, the FDEP does not have Total Maximum Daily Loads 
(TDML) for nutrients, but is scheduled for regulation in 2009 (U.S. Environmental 
Protection Agency 2005).  However the State of Florida has issued water quality TMDL 
criteria for dissolved oxygen (DO) in the Florida Administrative Code (F.A.C.) section 
62-302.530.  DO should not be less than 5.0 mg l-1  in freshwater, and in marine waters 
should not be less than 5.0 mg l-1  for a 24 hour period and never less than 4.0 mg l-1.  
The daily loading for nutrients and other water quality parameters is directly influenced 
by point and non-point sources, and for the CE the release of water from S-79 will play 
an integral role. 
Eutrophication of coastal waters has been associated with increased human 
populations, runoff from agriculture, and non-point nutrient inputs, promoting increases 
in toxic algal blooms (Anderson 1989, Gilbert et al. 2005).  One of the most common 
harmful algal blooms (HABs) in the Gulf of Mexico and annually reoccurring near the 
coastal waters of the CE is that of the dinoflagellate, Karenia brevis.  Other potential 
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HAB species such as Pseudonitzschia spp. have also been found in these coastal waters 
(Parsons et al. 2002, Heil et al. 2005, Anderson et al. 2008).  Various works from Vargo 
et al. (2004, 2008) and Brand and Compton (2007) have suggested that partial and full 
maintenance of coastal K. brevis blooms occurred through estuarine fluxes of N and P 
from the CE.  Other studies by Walsh et al. (2006) could not find linkages between 
nutrient inputs from the CE and red tides during comparisons from 1970’s to 1990’s.  
Sporadic sampling and data records could be a cause for the differing views.    
The Southwest Florida Regional Planning Council (2005) estimates that the 
population of the CR basin will reach almost two million by 2030.  As population 
increases, there is a possibility of additional nutrient inputs which can cause 
eutrophication and potentially impact this coastal and offshore environment.  DeGrove 
(1981) established the upper limits for concentration of total nitrogen to be 1.0 mg l-1, 
total phosphorus 0.15 mg l-1, and chlorophyll a as 20 mg l-1, for acceptable water quality 
for the Caloosahatchee River.  The Charlotte Harbor Estuary typically has increased 
phytoplankton productivity and biomass accumulation near the mouths of the tidal rivers 
(Caloosahatchee, Myakka, and Peace) when freshwater flow and nutrient concentrations 
are the greatest during the late summer months (McPherson et al. 1996).  Increased 
nutrient loading can influence bacterial and algal blooms and light deprivation of 
submerged aquatic vegetation, in turn effecting the ecology of the estuarine environment 
(Barnes 2003, Heil et al. 2007).  
Natural variability within the coastal regions, related to nutrients, can result from 
weather phenomena, such as flooding, hurricanes, and droughts.  Lock discharges at the 
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head of the estuary are major regulating factors.  Periods of high discharge result in large 
fluctuations of salinity in the downstream estuary, which can adversely impact plant and 
animal life and offshore ecology (Doering and Chamberlain, 1999). Monitoring water 
quality parameters along the watercourse can elucidate the factors affecting nutrient 
concentrations.  Sampling the river transect gives a spatial design to nutrient distribution 
and loss, which is indicative of mixing with surface seawater and uptake by biological 
activity.  How natural processes control or respond to nutrient variations is an aspect of 
the river-estuarine system that is not adequately understood (Jordan et al. 1991).    
Nutrients can be potentially be used as tracers of water flow along the river.  For 
example, large amounts of nitrate have been found to be unchanged by denitrification 
during periods of high freshwater flow from a river feed (Mackay and Leatherland, 
1976).  Monitoring and investigating the pulses of water and nutrients within the CE, can 
lead to a better understanding of this complex system.  The goal of this study will be to 
define flow rates from S-79 and what impacts they have on nutrient distribution, loading, 
water quality, and ecology within the CE and potentially offshore. 
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METHODS 
The major component of this study consisted of bi-weekly sampling along the 
Caloosahatchee Estuary (CE) from lock S-79 into San Carlos Bay (SCB) by the Heil 
group (Florida Fish and Wildlife Conservation Commission, Fish and Wildlife Research 
Institute) from April 2005 until August 2006.  A seven-station transect over a distance of 
54 km was analyzed for nutrient and other water quality data both on the surface and 
bottom.  Funding came from the U.S. Army Corps of Engineers to study the influences of 
river discharge and the potential effects on coastal red tides of K. brevis. To accompany 
the water quality data, lock release and rainfall data were acquired from DBHYDRO, 
South Florida’s Water Management District’s database.   
Sampling was conducted from Station 1 at 26.46°N, 82.00°W in the river plume 
located in SCB up to station 7 at approximately 26.72°N, 81.70°W (Fig. 2), just 
downstream from the westernmost lock S-79 (Fig. 1).  Stations 1-3 are in a line 
perpendicular to the river plume and found in SCB, and stations 4-7 transverse upstream 
in the Tidal Caloosahatchee Estuary (CE) (Fig. 2).  The only substantial tributary of the 
CE is the Orange River, which discharges near station 6 (Fig. 2). This tributary 
contributes only a small amount to the total freshwater entering the estuarine region 
(Scarlatos 1988, Bierman 1993).  For this study, station 7 will be recognized as the head 
of the Caloosahatchee Estuary (HCE), station 6 as Upper Caloosahatchee Estuary (UCE), 
   
11  
station 5 as Mid-Caloosahatchee Estuary (MCE), station 4 as Lower-Caloosahatchee 
Estuary (LCH), and station 1, 2, and 3 as San Carlos Bay (SCB), see Figure 2. 
 
Figure 2. Map of study area from Google Earth, 2008, indicating stations 1-7 in the CE.  
Stations defined as 1, 2, and 3 (SCB), 4 (LCE), 5 (MCE), 6 (UCE), and 7 (HCE). 
 
Bi-weekly water samples were collected from surface and bottom at each station 
with a Niskin bottle and stored in a cooler for transport.  Within 12-24 hours duplicate 
samples were filtered through Whatman GF/F filters and immediately frozen for bulk Chl 
a (>0.7 µm) analysis.  Samples were also filtered through 3.0 µm Nuclepore filters to 
obtain Chl a size fractions >3.0µm.  Chl a size fraction of 0.7-3.0 µm was calculated by 
subtracting 3.0 µm Chl a concentration from the bulk Chl a concentration.  Chl a samples 
were extracted from the filters using 10 mL of methanol, then vortexed, centrifuged, and 
fluorometrically analyzed (Holm-Hansen et al. 1965) by a Turner Model 112 
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Fluorometer.  Subsequent aliquots of filtered water were frozen and stored for nutrient 
analyses.  
The nutrients measured were phosphate, nitrate, nitrite, ammonium, silica, total 
dissolved nitrogen (TDN) and total dissolved phosphorus (TDP). The filtered samples 
were stored at -4°C until analyzed.  A duplicate set of the same samples were stored in 
complete darkness at room temperature for silica analyses. Analytical methods used for 
silica, phosphate, nitrate, and nitrite were adapted from the recommendations of Gordon 
et al. (1993) for the WOCE WHP project.  The analytical system employed is a five-
channel Technicon Autoanalyzer II upgraded with new heating baths, proportional 
pumps, colorimeters, improved optics, and an analog to digital conversion system (New 
Analyzer Program v. 2.40 by Labtronics, Inc.)  Silica is determined by forming the 
heteropoly acid of dissolved orthosilicic acid and ammonium molybdate, reducing it with 
stannous chloride, and then measuring its optical transmittance.  Phosphate is determined 
by creating the phosphomolybdate heteropoly acid in much the same way as with the 
silica method.  However, its reducing agent is dihydrazine sulfate, after which its optical 
transmittance is also measured.  A heating bath is required to maximize the color yield.  
Nitrite is determined essentially by the Bendschneider and Robinson (1952) technique in 
which nitrite is reacted with sulfanilamide (SAN) to form a diazotized derivative that is 
then reacted with a substituted ethylenediamine compound (NED) to form a rose-pink 
azo dye which is measured colorimetrically. Nitrate is determined by difference after a 
separate aliquot of a sample is passed through a Cd reduction column to covert its nitrate 
to nitrite, followed by the measurement of the "augmented" nitrite concentration using 
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the same method as in the nitrite analysis.  In the analytical ammonia method, ammonium 
reacts with alkaline phenol and hypochlorite to form indophenolblue. Sodium 
nitroferricyanide intensifies the blue color formed, which is then measured in a 
colorimeter of our nutrient-analyzer.  Precipitation of calcium and magnesium hydroxides 
is eliminated by the addition of sodium citrate complexing reagent.  A heating bath is 
required.  Our version of this technique is based is based on modifications of published 
methods such as the article by F. Koroleff in Grasshoff (1976).  These modifications were 
made at Alpkem (now Astoria-Pacific International, Inc.) and at L.Gordon's nutrient 
laboratory at Oregon State University. 
Analysis of dissolved organic nitrogen (DON) and dissolved organic phosphorus 
(DOP) is determined by the oxidation of all N and P in the filtered sample to nitrate and 
phosphate, respectively, to give total dissolved nitrogen (TDN) and total dissolved 
phosphorus (TDP).  Each organic value is then derived by subtracting the inorganic value 
from the total dissolved nutrient value. The method of oxidation for DON, based on 
Valderamma, J.C. (1981), requires triple recrystallized potassium persulfate, boric acid, 
and sodium hydroxide to form the oxidizing reagent.  The oxidizing reagent is then added 
to the sample and autoclaved for 30 minutes at 121°C and 15 lb in-2 pressure.  Release of 
organically-bound phosphorus to obtain TDP in a sample was completed using an UV 
photo-oxidation method.  Samples were added to fused quartz test tubes, which were 
placed in an irradiation unit for two hours, based on the modified Walsh method (1989).  
Analysis of oxidized samples for their augmented phosphate content follows the previous 
described WOCE method for inorganic phosphate.   
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Nitrate was also measured during April 12 thru May 2, 2006 by a Satlantic In-Situ 
Ultraviolet Spectrophotometer, Satlantic ISUS.  This operator-free instrument was 
positioned approximately 1 meter below the surface and attached to a floating 
autonomous water quality platform located at station 6 named MARVIN I, owned and 
operated by Florida Wildlife Research Institute.  The ISUS collected data hourly.  The 
ultraviolet absorption of the sample, between the 217 and 240 nm wavelength spectrums, 
was deconvoluted to yield nitrate concentrations (Johnson and Coletti, 2002).  The data 
were then corrected with laboratory colorimetric measurements to reduce the offset of the 
instrument due to absorption of light by DOM.  The two samples used to correct the 
ISUS for DOM were taken on 4/18/2006 and 5/2/2006.  A copper and Nitex shield 
attached to the sensing probe was used to inhibit the biofouling of the optics.  Due to 
station logistics, the sensor was removed after 3 weeks and was found to have large 
amounts of biofouling from the active estuarine environment.  The biofouling is 
presumed to have not affected the data because water was still able to flow through the 
shield and pass the sensing probe.  
Other water quality measurements such as salinity, dissolved oxygen, and 
temperature were measured at each station electronically using an YSI instrument.  The 
mean daily flow rates (m3 s-1) from S-77 (Lake O) and S-79 (Franklin Lock and Dam) 
were obtained from DBHYDRO for the period of 1/1/05 thru 12/31/06.  The amount of 
rainfall (cm) was also obtained from the same database for structures S-77 and S-79.  
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RESULTS 
Flow Rate and Rainfall 
 The discharge of water and rainfall at Franklin Lock (S-79) and Moore Haven 
Lock (S-77) (Fig. 1) show similarities in the timing.  Figure 3 shows mean daily water 
flow for both S-79 and S-77.  This figure shows most of the large releases of water from 
S-79 occur when large amounts of water is released from S-77, except for the end of 
August 2006.  Figure 4 is the amount of rainfall measured at both S-77 and S-79, during 
this same period.   
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Figure 3. Mean daily water flow (m3 s-1) at lock structures S-77 and S-79 from April 
2005 thru August 2006.  Large discharges at both structures occur in tandem, except for a 
large discharge at S-79 in late August 2006. 
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Figure 4. Rainfall (cm) at lock structures S-77 and S-79 from April 2005 thru August 
2006. The majority of increased rainfall events occur during the wet season: May-
October. 
 
A comparative analysis of rainfall (cm) and water flow (m3 s-1) at S-79, shows a 
similar trend; when there is larger amounts of rainfall, the amount of water released by 
the U.S. ACE from the lock is also greater (Fig. 5). There are a few distinctive times of 
higher rainfall (10 cm and over) during the sampling period; all occurring during the 
rainy season.   
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Figure 5. Rainfall at S-79 (cm) and flow rate (m3 s-1) at S-79 over the sampling period of 
April 2005 thru August 2006.  Heavy rainfall events correspond with a high flow rate. 
 
 
 
Flow rate effects on Salinity 
During periods of high freshwater flow from lock S-79, the salinity is affected at 
all the stations, even down to station 1 (Fig. 6).  The typical saline environment at station 
1 can become brackish (~20 psu) at high flow rates (~170 m3 s-1)  In the figure below, the 
salinity values are average surface and bottom measurements for stations 1, 4, and 7, and 
flow values are 7-day averages.  A 7-day average flow is used because a mean daily flow 
typically does not reach stations downstream within a day, and the average is also used to 
correct for any extreme high or low flows relative to 7-days of releases.  At times of 
decreased flow coming from S-79, the salinity at station 1 (SCB) is high and comparable 
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to the salinity of marine environments.  Station 7 (HCE) average salinity observation 
values are above 0 psu during low flow periods.  The salinity profile for station 4 (LCE) 
is inversely related to the 7 day average flow from S-79.  Low flow conditions correlate 
with a larger tidal influence.  Average surface and bottom salinity values at stations 1, 4 
and 7 are compared to mean, 7-day and 21-day, flow rates (m3 s-1) in Appendix A. 
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Figure 6. Average salinity (surface and bottom) for each sampling at stations 1, 4, and 7 
are compared to 7-day average flow rates (m3 s-1) from S-79 during April 2005 to August 
2006.  Pulses of high flow decrease salinity at all stations (with a salinity greater than 0 
psu), including station 1 in San Carlos Bay.  Low flow permits saline waters to reach 
station 7. 
 
The wet and dry season variability of discharge has historically shown lower 
flows during the dry season (Chamberlain and Doering, 1998).  The comparison of 
surface and bottom salinities during wet (May to October) and dry (November to April) 
seasons for all stations are seen in Figure 7.  The bottom salinity between station 4 and 5 
fluctuates over 10 psu during both wet and dry season. Surface salinity decreases as you 
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move upstream with the largest change occurring between station 3 and 4.  During the 
wet season, station 4 had the largest difference between surface and bottom waters and 
also during the dry season.  The average bottom salinity at each station was higher during 
the wet season, except for station 5 (Fig. 7).  Also, the average surface salinity was lower 
during the wet season, for most stations.  These spatial differences are indicative of the 
salt wedge that occurs between stations 1 thru 5.  The seasonality effects on salinity, 
nutrients and flow can be important to the estuarine ecology.    
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Figure 7. Average surface and bottom salinity for the wet season, May thru October, and 
dry season, November thru April, for the sampling time period of May 2005 thru October 
2006.  Large differences between stations 3, 4, and 5 are indicative of a salt wedge.   
 
 
Chamberlain and Doering (1998) bracketed the past seasonal flow from S-79 as 
8.50 m3 s-1 to 85.00 m3 s-1, with wet season lying in the upper range and dry season lower, 
but both containing high and lows. The average flow from S-79 in this study was 122.74 
m3 s-1 during the wet season and 88.29 m3 s-1 during the dry season.  This is 
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uncharacteristically high for both seasons, however during this time period releases from 
Lake O at S-77 were also large.  If the mean daily flow of water released from S-77 is 
factored out of the mean flow at S-79, then the seasonal averages would have been 64.25 
m3 s-1 and 16.74 m3 s-1 for wet and dry seasons respectively. This is a reflection of waters 
between S-77 and S-79 from inputs such as runoff and tributaries.  The difference 
between the two dry season flow rates (88.29 and 16.74 m3 s-1) indicates that during the 
dry season most of the water entering the estuary is from Lake O. 
Previous studies on the relationship between various organisms in the CE region 
and flow from S-79 have been based on salinity tolerances (Chamberlain and Doering 
1998, Doering et al. 2002, SFWMD 2003).  Organisms such as oysters, zooplankton, 
shrimp and crab larvae, and seagrasses can be indicators to the health of the CE 
ecosystem.  Oysters have a very broad salinity tolerance with an optimum range of 14-28 
psu (Sellers and Stanley 1984, Volety and Tolley 2002).  On a study of oysters in the 
lower CE, Volety and Tolley (2002) found that high flow rates over 85 m3 s-1 can cause 
severe mortality and low larval settlement, due to low salinity waters (Shumway 1996) 
and high flow rates flushing out oyster recruitment.  Zooplankton densities were found to 
be the lowest with high freshwater inflows from S-79 and decreased salinity 
(Chamberlain et al 2003).  Zooplankton correlated well with freshwater discharge, most 
likely due to a “wash out effect”.  In the CE, flow rates greater than 71-85 m3 s-1 were 
associated with the lowest densities. Shrimp and crab larvae were found in the lower CE 
and SCB.  Peak abundance was found when salinities were over 20-25 psu, and 
corresponding flow rates from S-79 of less than 34 m3 s-1 for CE and less than 71 m3 s-1 
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for SCB.  Flow rates that are detrimental to shrimp and crab spawning and rearing are 
greater than 42 m3 s-1 for the CE and71-85 m3 s-1 for SCB (Chamberlain et al 2003).  
Seagrasses found in the lower CE and SCB are also affected by salinity and flow rates.  
Halodule wrightii and Thalassia testudinum are found in highest densities when salinity 
is greater than 20 psu, however both have been found to survive in the laboratory at a 
salinity of 6 psu and above (Doering et al. 2002, Doering and Chamberlain 2000).  It was 
found that flow rates over 79 m3 s-1 will lower salinity in the lower CE to 6 psu (Doering 
et al. 2002) and flow rates over 127 m3 s-1 will be detrimental to seagrasses in SCB.         
Table 1 lists relationships between some organisms found in the CE and SCB 
with their salinity tolerance and optimal freshwater flow rate.  The area defined as CE for 
these studies associates with station 4 of this study and SCB associates with station 3.  
Table 1. Summary of various organisms found in lower CE and SCB and their 
relationship with peak abundance in a salinity range and flow rate from S-79.  
 
 
Organism 
Peak 
Abundance 
Salinity 
 
 
Area 
Optimal  
Flow from  
S-79 (m
3 
s
-1
) 
Detrimental 
Flow from  
S-79 (m
3 
s
-1
) 
Oysters 10-28 CE-SCB 14-57 > 85 
Zooplankton  CE 4-17 > 71-85 
Shrimp & 
Crab Larvae 
> 20-25 CE < 34 > 42 
Shrimp & 
Crab Larvae 
> 20-25 SCB < 71 > 71-85 
Halodule > 20 CE < 23 > 79 
Halodule & 
Thalassia 
> 20 SCB < 23 > 127 
 
To determine if high flow rates from S-79 were potentially detrimental to 
previously stated organisms for this study period, salinity versus a 7-day and 21-day flow 
rate was plotted in Figure 8.  A 7-day flow rate is useful when discharge is extremely 
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high due to the “washing out” effect on organisms such as zooplankton and shrimp and 
crab larvae.  A 21-day flow rate is useful to look at longer periods of flow and was used 
because the average flushing time of the CE is 14.02 days, therefore 7 and 21-day flow 
rates bracket the average flushing time.  Flushing time calculations will be shown later in 
this report.    
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Figure 8. 7-day and 21-day flow rates from S-79 (m3 s-1) plotted against salinity at 
stations 4 and 3.  Station 4 is associated with organisms studied in the CE and station 3 
associates with organisms in SCB, defined in Table 1. 
  
 The results from this study indicate only a single instance of salinity dropping 
below 10 psu at a flow less than 85 m3 s-1 during the study period, which is potentially 
detrimental to oysters.  The majority of the flow less than 85 m3 s-1 maintained the 
salinity between 10-28 psu in the lower CE and SCB. Shrimp and crab larvae have peak 
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abundance at salinities over 20-25 psu, which was found only a small portion of the time 
during this sampling period.  To maintain that salinity in the lower CE, previous studies 
suggested the flow from S-79 be less than 34 m3 s-1 and not exceed 42 m3 s-1 (Table 1).  
Figure 8 demonstrates a number of instances where flow less than 34 m3 s-1 still produced 
salinity less than 20 in the lower CE.  However what may be of greater importance is that 
during this study the salinity in the lower CE rarely met the range of peak abundance for 
shrimp and crab larvae and the flow rate exceeded 42 m3 s-1 the majority of the time.  In 
SCB the salinity remained above 20-25 psu for flow rates below 85 m3 s-1, except for one 
instance, indicating the estimated flow rate for optimal salinity of shrimp and crab larvae 
is acceptable.  Halodule and Thalassia (seagrasses in this area) prefer salinity above 20 
psu, but can survive at lower salinities.  The upper range for detrimental flow of these 
seagrasses is 79 m3 s-1 for the lower CE and 129 m3 s-1 for SCB.  This study indicates 
salinity did not drop below 6 psu if these upper ranges were maintained, however rarely 
these regions saw salinity that was above 20 psu (optimal salinity for peak abundance).     
 
 
Flow Rate Effects on utrients 
 utrient Profiles 
The typical decline of riverine nutrient concentrations during river-ocean mixing 
has been reported for the Caloosahatchee estuarine system (McPherson and Miller 1990, 
Doering and Chamberlain 1998).  In this study of the CE and SCB the nutrient profiles 
followed similar patterns with the exception of ammonium (Figs. 9-18).  Nitrate shows 
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depleted values at salinities higher than 20 (Figs. 9-10).  Nitrite is depleted at salinities 
higher than 10 (Figs. 11-12).  Distribution of phosphate shows depleted values at marine 
saline environments over 30 (Figs. 13-14).   Silica shows a steady decrease with 
increasing salinity (Figs. 15-16).  Ammonium had a larger scatter in distribution 
throughout the water column, with no clear relationship with salinity (Figs. 17-18).  
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Figure 9. Nitrate + nitrite profile with salinity and depth for all 7 stations from April 
2005 thru August 2006, show a general decrease as salinity increases. 
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Figure 10. Nitrate versus salinity plot for seven-station transects with linear regression 
applied to each transect, r2 range: 0.4089-0.9646, mean: 0.7778 ± 0.1721. 
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Figure 11. Nitrite profile with salinity and depth for all seven stations from April 2005 
thru August 2006, shows a general decrease as salinity increases. 
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Figure 12. Nitrite versus salinity plot for seven-station transects with linear regression 
applied to each transect, r2 range: 0.1966-0.8697, mean: 0.5572 ± 0.1980. 
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Figure 13. Phosphate profile with salinity and depth for all 7 stations from April 2005 
thru August 2006 shows a general decrease as salinity increases. 
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Figure 14. Phosphate versus salinity plot for seven-station transects with linear 
regression applied to each transect, r2 range: 0.3791-0.9514, mean: 0.8444 ± 0.1328.  
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Figure 15. Silica profile with salinity and depth for all 7 stations from April 2005 thru 
August 2006 shows a general decrease as salinity increases.  
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Figure 16. Silica versus salinity plot for seven station transect with linear regression 
applied to each transect  r2 range: 0.8358-0.9932, mean: 0.9468 ± 0.0396.  Silica is seen 
as a conservative tracer as it follows the salinity gradient very closely. 
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Figure 17. Ammonium profile with salinity and depth for all 7 stations from April 2005 
thru August 2006 shows no general trend of concentration along the profile. 
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Figure 18. Ammonium versus salinity plot for seven-station transects with linear 
regression applied to each transect, r2 range: 0.0030-0.6671, mean: 0.2345 ± 0.2129. 
Concentrations of ammonium are highly more variable along the salinity gradient. 
 
   
30  
Statistics from the nutrient profiles above are listed in Table 2 below.  The mean 
concentration at station 7 and 4 is useful in looking at the nutrient profile from the mouth 
of the river (station 4) to the head of the estuary (station 7).  The CE, stations 4 to 7, 
shows a decrease in all nutrient concentrations from lock S-79 to the mouth of the river, 
with only a small decrease in average ammonium.  Ammonium concentrations at station 
1 (furthest from the estuary) were 3.78 ± 1.93 µM, which is similar to the ammonium 
concentrations throughout the rest of the estuary (Table 2).  Ammonium does not follow 
the salinity gradient; therefore future research could be used to determine where and how 
ammonium enters and exits the CE and SCB. 
 
Table 2. Mean nutrient concentrations (± std. dev) for 7-station transect including subsets 
of station 7 and 4.  
 Mean conc. 
(µM) of all 7 
stations 
Range  Mean conc. 
(µM) St. 7 
Mean conc. 
(µM) St. 4 
itrate 11.05 (± 10.16) 0.00-37.24 405 20.60 6.96 
itrite 0.68 (± 2.27) 0.00-3.82 376 1.12 0.29 
Phosphate 1.91 (± 1.10) 0.00-5.59 397 2.67 1.93 
Silica 87.53 (± 43.62) 4.05-181.65 401 127.44 77.68 
Ammonium 4.11 (± 2.57) 0.62-19.30 397 4.66 3.91 
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itrate + itrite 
To show the relationship between flow and nutrient concentration, flow data was 
analyzed from the SFWMD DBHYDRO database for the sampling period.  It has been 
previously shown that surface waters were providing 88-92% of TN into the downstream 
estuary from discharges at S-79 (Doering and Chamberlain 2005).  Other sources of 
nutrient input such as waste water treatment facilities and tributaries can be the main 
source during times of drought or no flow (Environmental Research and Design 2002).  
Dissolved inorganic nitrogen (DIN=nitrate, nitrite, ammonia) is known to contribute to 
eutrophication and to be incorporated by phytoplankton quickly (D’Elia et al. 1986, 
Howarth 1988). 
Station 7 (26°43’23”N, 81°41’52”W) is approximately 0.11 km downstream from 
the S-79 lock (26°43’25”N, 81°41’55”W).  Decreasing concentration for nitrate + nitrite 
occurred along the sampling transect, averaging over 20 µM at station 7 to 0 µM at 
station 1.  Data from station 7 is plotted for both surface and bottom concentrations 
against the mean daily flow rate coming from S-79 (Figs. 19-20).  Surface concentrations 
of nitrate + nitrite show no direct relation to the flow rate at S-79.  Bottom concentrations 
show the same tendency as surface waters.   There were four instances when the bottom 
water concentrations of nitrate + nitrite were depleted: 06/01/06, 06/29/06, 07/13/06 and 
07/27/06.  These dates had inorganic nitrate + nitrite concentrations of less than 1 µM 
and were times of very low flows.  The concentration of nutrients at station 7 is to some 
extent a direct reflection of waters upstream of S-79, due to the short distance between 
the two.  This will hold true more for high discharge periods than low discharge periods.    
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Figure 19. Flow rate (m3 s-1) at S-79 and nitrate+nitrite surface concentration (uM) at 
station 7 from April 2005 thru August 2006.  Station 7 nitrate+nitrite values are used as 
the initial loading concentrations into the CE. 
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Figure 20. Flow rate (m3 s-1) at S-79 and nitrate+nitrite bottom concentration (µM) at 
station 7 from April 2005 thru August 2006.  Depleted bottom nitrate+nitrite occurred in 
summer 2006 during times of decreased flow. 
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Surface and bottom concentrations for nitrate + nitrite at station 4 (Figs. 21-22) do 
not follow the pattern seen at station 7 (Figs. 19-20) with discharge.  Station 4 is located 
at the mouth of the CE, and is indicative of what flows into SCB.  Here the nitrate + 
nitrite concentrations follow the discharge from S-79 rather closely, albeit with some 
time lag. During times of high flow rate (over 140 m3 s-1), higher concentrations of nitrate 
+ nitrite were found in both surface and bottom waters.  During times of low flow, nitrate 
+ nitrite concentrations were depleted, except for station 4 bottom waters on 7/27/2006.  
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Figure 21. Flow rate (m3 s-1) at S-79 and nitrate+nitrite surface concentration (µM) at 
station 4 from April 2005 thru August 2006.  High flow rates (over 140 m3 s-1) coincide 
with higher concentrations of nitrate+nitrite. 
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Figure 22. Flow rate (m3 s-1) at S-79 and nitrate+nitrite bottom concentration (µM) at 
station 4 from April 2005 thru August 2006.  Periods of high freshwater flow coincide 
with higher concentrations of nitrate+nitrite. 
 
Flow rates have a higher correlation with nitrate + nitrite downstream than 
directly next to S-79.  The appearance of the decreased nitrate + nitrite in station 7 
bottom waters during decreased flow could be a result of denitrification, as the 
dissimilatory nitrate reduction to molecular nitrogen or ammonium. At very high flow 
rates, dilution of the flux of nitrate + nitrite from S-79 can occur at station 7 with 
estuarine waters, yielding the decreased correlation.  Station 7 data results conditions 
upstream, and can potentially be linked with Lake O.   The correlation between nitrate + 
nitrite concentrations and high flow rates at station 4 could be a result of high flow rates 
washing nutrient enriched waters from upstream to the downstream station.  This is 
contrary to the conditions during times of low flow, where station 4 is typically depleted 
of nitrate + nitrite.  Consumption, especially during low flow rates, between station 7 and 
station 4 uses up much of the enrichment, and the residual concentrations follow the flow 
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rates to some extent  Correlation between the ratio of nitrate + nitrite concentration at 
station 4 (S4) to station 7 (S7) and high/low flow rates is seen in Figures 23-24.  A ratio 
of station 7 to station 4 concentrations is used to look at how much the concentration at 
station 4 is compared to station 7, suggesting that high flow rates transport the majority of 
station 7 concentration to station 4.  
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Figure 23. Linear regression between 7-day average high flow rate at S-79 (over 140 m3 
s-1) and ratio of nitrate + nitrite surface concentration of stations 4 and 7 (S4/S7).  A close 
correlation (r2=0.7976) indicates high freshwater discharge can transport nitrate + nitrate 
from upstream into the mouth of the estuary. 
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Figure 24. Linear regression between 7-day average low flow rate at S-79 (under 140 m3 
s-1) and ratio of nitrate + nitrite surface concentration of stations 4 and 7 (S4/S7).  No 
correlation is noticed between low discharge and the nitrate + nitrite concentration ratio 
(r2=0.2966). 
 
A large ratio during extreme high flow is indicative of nitrate + nitrite being 
washed from upstream waters into lower estuarine waters and potentially offshore.  The 
correlation between high discharge over 140 m3 s-1 and the ratio of nitrate + nitrite 
concentration is closely related by the high r2=0.7976.  During lower flow rates, below 
140 m3 s-1, there is not correlation between the amount of nitrate + nitrite being 
transported downstream (r2=0.2955).  A seven-day average flow rate was used because 
the variations in daily flow rates do not provide an accurate depiction of the amount of 
water being released.  Daily flow rates do not directly affect station 4, however a few 
days of extreme high flow will. 
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Percent difference between the average nitrate + nitrite concentration for stations 
7 and 4 is plotted against the mean daily flow rate (Fig. 25).  Flow rates over 140 m3 s-1 
coincide with smaller change in concentration between the two stations.  Percent 
difference calculations helps depict the close relation between high flow rates and little to 
no change in nitrate + nitrite concentration from station 7 to station 4.   
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Figure 25. Flow rate (m3 s-1) at S-79 and percent difference of average nitrate+nitrite 
concentration (µM) between station 4 and 7 from April 2005 thru August 2006. 
 
 
Phosphate 
Eutrophication in freshwater and estuarine systems is commonly caused by 
excessive concentrations of phosphorus (Correll, 1998).  Phosphorus often enters systems 
through surface flows which react and dissolve phosphate from sediments and soils.  The 
sediments act as a buffer on the phosphate concentration, as seen in studies of sediment 
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from Doboy Sound, GA (Pomeroy et al. 1965) and Tamar Estuary, UK (Butler and 
Tibbits 1972).   Phosphorus enters as a mixture of particulate and dissolved constituents 
and interacts with sediments, which can have a high exchange capacity, thereby 
potentially effecting the phosphate concentration of the water (Pomeroy et al. 1965).  
Thus phosphate in the water column can be variable and depend on water-sediment and 
biological interactions. 
Phosphate concentrations (µM) at station 7 are plotted against flow rates (m3 s-1) 
from S-79 for both surface and bottom measurements (Figs. 26-27).  The highest surface 
and bottom concentrations, over 4 µM, were found during extremely high flow rates 
(over 250 m3 s-1).  However, phosphate at station 7 displays no relative correlation to 
mean daily flow during the sampling period.   
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Figure 26. Flow rate (m3 s-1) at S-79 and phophate surface concentration (µM) at station 
7 from April 2005 thru August 2006.  Phosphate concentration in surface waters at 
station 7 is highest during the largest discharges; however no correlation is seen with 
discharge because large amounts of phosphate are also present during low flow rates. 
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Figure 27. Flow rate (m3 s-1) at S-79 and phosphate bottom concentration (µM) at station 
7 from April 2005 thru August 2006.  Phosphate concentration in bottom waters is 
variable during high and low discharges.  
 
Phosphate surface and bottom concentrations (µM) at station 4 are plotted against 
flow from S-79 (m3 s-1) in Figures 28-29.  Similar to station 7, phosphate surface and 
bottom concentrations show increased concentrations at high flow rates.  During 
December 2005 station 4 phosphate concentrations drop off, along with the flow rate, 
while station 7 remains somewhat elevated.  There is also an increase at station 4 from 
April 2006 through August 2006, which does not correlate with flow.   
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Figure 28. Flow rate (m3 s-1) at S-79 and phosphate surface concentration (µM) at station 
4 from April 2005 thru August 2006.  Increased phosphate concentrations occur during 
large freshwater discharge, however also during diminished flow during the summer 
months of 2006. 
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Figure 29. Flow rate (m3 s-1) at S-79 and phosphate bottom concentration (µM) at station 
4 from April 2005 thru August 2006.  Phosphate in the bottom waters follows the similar 
path seen in the surface waters at station 4. 
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To determine correlation between high flow rates and flushing of nutrients from 
station 7 to station 4, a linear regression was run between high flow rates (over 140 m3 s-
1) and the ratio of S4/S7 phosphate concentration (Figs. 30-31).  
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Figure 30. Linear regression between 7-day average high flow rate at S-79 (over 140 m3 
s-1) and ratio of phosphate surface concentration of stations 4 and 7 (S4/S7).  A close 
correlation (r2=0.691) indicates high freshwater discharge can transport phosphate from 
upstream into the mouth of the estuary. 
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Figure 31. Linear regression between 7-day average low flow rate at S-79 (under 140 m3 
s-1) and ratio of phosphate surface concentration of stations 4 and 7 (S4/S7).  No 
correlation is noticed between low discharge and the phosphate concentration ratio 
(r2=0.0065). 
 
 Periods of high discharge correlate with the S4/S7 ratio of phosphate 
concentration, with an r2=0.691.  This indicates that as flow rates increase, the amount of 
phosphate being transferred from station 7 to station 4 increases.  During periods of low 
flow, phosphate concentration is highly variable between stations.  
 
 
Silica 
At one time, silicon was proposed to be removed from river water when it mixes 
with seawater, based on the argument that the freshwater contains silicon in a colloidal 
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form, and polymeric silicon will form when mixed with electrolytes from seawater 
(Krauskopf 1956).  However studies have indicated no evidence of polymeric silicon 
being found in fresh or sea waters (Liss, 1976).  Biological removal of dissolved silicon 
was noticed during the work of Wollast and De Broeu (1971) on the estuary of the River 
Scheldt, when enrichment of nutrients, N and P, during summer months caused a large 
plankton activity that decreased the silicon in the waters.  However in less polluted 
waters, silicon uptake was unaffected by biological processes (Burton et al. 1970, Boyle 
et al. 1974).  Adsorption of silicon by suspended sediment in seawater electrolytes was 
studied in the laboratory by Bien et al. (1958) who showed increased removal with great 
amounts of suspended sediments.  A conflicting study was unable to detect removal when 
temperature ranges were 17-28°C, as compared to the 10°C water temperature used in the 
Bien et al. study (Fanning and Pilson, 1973).   Therefore in estuaries simple dilution and 
biological activities are the two main controlling factors of removal (Liss, 1976).  
 In this study, silica concentrations were plotted against salinity for the seven-
station transect over the sampling period.  Correlation between silica and salinity is seen 
in Figure 16.  The steady decrease in silica concentration along the transect, follows a 
similar linear decrease for each sampling.  The mean r2 for the linear regression of each 
transect was 0.9468 ± 0.0396. Therefore silica is seen as conservative and dilution of 
fresh water with seawater is the dominating factor for this estuarine system.   
The decreasing silica concentration with increasing salinity is useful for 
delineating segments of the river.  In Figure 32 below, station 7 average salinity and 
silica time courses are displayed. The salinity at station 7 is typically around 0, with a few 
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monthly averages that were not completely freshwater, 1/06 and 5/06-7/06.  The silica 
concentration at station 7 fluctuates between 100.00-160.00 µM, and shows no effect 
from the slight increase in salinity. This is mostly likely because of the higher salinity is 
bottom waters, but the overall salinity at station 7 is reasonably constant (Fig. 32).  
However, once the salinity change is more than 2-3 psu, as seen at station 4, the silica 
concentrations show an inverse relation (Fig. 33).  This coincides with the relationship 
seen in Figure 16.  August 2006 is the exception with what appears to be an increase for 
both salinity and silica. 
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Figure 32. Average monthly station 7 silica concentration (µM) and salinity (psu).  
Salinity is typically 0, with exceptions in January, May, June, and July of 2006, and 
average silica concentrations vary between 100.00-160.00 µM.  
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Figure 33. Average monthly station 4 silica concentration (µM) and salinity (psu).  
Variation in salinity shows an inverse relation with silica, except for August 2006. 
 
Silica concentrations at station 7 and 4 for surface and bottom waters are plotted against 
flow rates from S-79 to look at the relation between the two (Figs. 34-37.).  Station 7 has 
relatively constant amounts of silica and therefore arrives at station 4 with little dilution 
during times of high flow rates.  However, during times of decreased flow rate, dilution is 
stronger and the concentration of silica declines to station 4.   
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Figure 34. Flow rate (m3 s-1) at S-79 and silica surface concentration (µM) at station 7 
from April 2005 thru August 2006.  Surface concentrations of silica at station 7 show no 
correlation with S-79 flow rate. 
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Figure 35. Flow rate (m3 s-1) at S-79 and silica bottom concentration (µM) at station 7 
from April 2005 thru August 2006.  Bottom concentrations of silica at station 7 show no 
correlation with S-79 flow rate. 
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Figure 36. Flow rate (m3 s-1) at S-79 and silica surface concentration (µM) at station 4 
from April 2005 thru August 2006.  Surface concentrations of silica are the greatest 
during times of high flow rates (over 140 m3 s-1). 
0
100
200
300
400
500
600
700
4/
1/
20
05
4/
16
/2
00
5
5/
1/
20
05
5/
16
/2
00
5
5/
31
/2
00
5
6/
15
/2
00
5
6/
30
/2
00
5
7/
15
/2
00
5
7/
30
/2
00
5
8/
14
/2
00
5
8/
29
/2
00
5
9/
13
/2
00
5
9/
28
/2
00
5
10
/1
3/
20
05
10
/2
8/
20
05
11
/1
2/
20
05
11
/2
7/
20
05
12
/1
2/
20
05
12
/2
7/
20
05
1/
11
/2
00
6
1/
26
/2
00
6
2/
10
/2
00
6
2/
25
/2
00
6
3/
12
/2
00
6
3/
27
/2
00
6
4/
11
/2
00
6
4/
26
/2
00
6
5/
11
/2
00
6
5/
26
/2
00
6
6/
10
/2
00
6
6/
25
/2
00
6
7/
10
/2
00
6
7/
25
/2
00
6
8/
9/
20
06
Date
F
lo
w
 a
t 
S
-7
9
 (
m
3
s
-1
)
0
20
40
60
80
100
120
140
160
180
200
S
ta
ti
o
n
 4
 b
o
tt
o
m
 S
il
ic
a
 (
u
M
)
S-79
Silica (uM)  
Figure 37. Flow rate (m3 s-1) at S-79 and silica bottom concentration (µM) at station 4 
from April 2005 thru August 2006.  Bottom concentrations of silica are the greatest 
during time of high flow rates (m3 s-1).  
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Percent difference from station 7 silica concentration with station 4 silica is 
compared to mean daily flow in Figure 38.  High flow rates correlate with little change in 
silica concentration transported along the CE (between station 7 and 4), as evidence by 
the small percent difference in concentration.  
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Figure 38. Flow rate (m3 s-1) at S-79 and percent difference of average silica 
concentration between station 4 and 7 from April 2005 thru August 2006.  Large pulses 
of water associate with little change in concentration between stations 7 and 4. 
 
 
Correlation between the discharge at S-79 and the amount of silica concentration 
being delivered was determined by the ratio of silica surface concentration at station 4 
(S4) to the surface concentration at station 7 (S7) (Figs. 39-40).   
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Figure 39. Linear regression between 7-day average high flow rate at S-79 (over 140 m3 
s-1) and ratio of silica surface concentration of stations 4 and 7 (S4/S7).  A close 
correlation (r2=0.8681) indicates high freshwater discharge can transport silica from 
upstream into the mouth of the estuary. 
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Figure 40. Linear regression between 7-day average low flow rate at S-79 (under 150 m3 
s-1) and ratio of silica concentration of stations 4 and 7 (S4/S7).  A correlation is also 
noticed between low discharge and the silica concentration ratio (r2=0.6806), depicting 
silica as conservative along the salinity gradient with the dominating factor being the 
amount of freshwater released. 
 
 During times of high flow, over 140 m3 s-1, and flow less than 140 m3 s-1, the 
concentration of silica at station 4 compared to concentrations at station 7 closely 
correlate with flow rates (r2=0.8681 and r2=0.6806, respectively).  The linearity indicates 
that flow rate and transport of silica are related.  The largest ratio of S4/S7 silica 
concentration correlates to the highest flow rate, indicating that extremely high flow 
pulses water from station 7 to station 4.  As the flow rate decreases the amount of silica at 
station 7 does not get transported to station 4, rather mixing and dilution with seawater 
are the dominating factors determining silica concentration.    
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Dissolved Organic itrogen and Phosphorus 
Dissolved organic nitrogen (DON) and dissolved organic phosphorus (DOP) are 
compared to salinity values and depths along the sampling transect (Figs. 41-44).  DON 
decreases with increasing salinity, while DOP has little correlation with salinity.  Some of 
the higher concentrations of DOP are seen at lower salinities, but scatter is seen 
throughout the rest of the estuarine region.  
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Figure 41. DON profile with salinity and depth for all 7 stations from April 2005 thru 
August 2006 shows a general decrease with increasing salinity.  
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Figure 42. DON versus salinity plot for seven-station transects with linear regression 
applied to each transect, r2 range: 0.3895-0.9676, mean: 0.8115 ± 0.1929.  
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Figure 43. DOP profile with salinity and depth for all 7 stations from April 2005 thru 
August 2006 shows variable concentration along the profile. 
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Figure 44. DOP versus salinity plot for seven-station transects with linear regression 
applied to each transect, r2 range: 0.0044-0.7557, mean: 0.2110 ± 0.2323.  
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Total Dissolved itrogen and Phosphorus 
Monthly averages of TDN and TDP concentrations (± std. dev) were calculated 
over the sampling period (Table 3).  The averages are also compared to the target upper 
limit concentrations, established by DeGrove (1981) for acceptable water quality of the 
CE, of total dissolved nitrogen (1.0 mg l-1), total dissolved phosphate (0.15 mg l-1), and 
total chlorophyll a (Chl a) (20 µg l-1).  Total dissolved nitrogen (TDN=DON+DIN) 
averages were higher during the cooler, dry season months, with the exception of the 
warm month of September when the average TDN reached 1.17 ± 0.26 mg l-1.  Total 
dissolved phosphorus (TDP=DOP+DIP) averages reached their high during the warmer, 
wet season months.  Out of all the samplings (not the monthly averages), TDN exceeded 
the limit of 1.0 mg l-1 44.39% of the time.  Phosphorus for the most part remained lower 
than the upper limit for acceptable water quality, and only exceeded the upper limit of 
0.15 mg l-1 about 9.6% of the time for all the sampling.  TDN concentrations were similar 
to the study conducted by Doering and Chamberlain (1998) with sampling periods of 
November 1985 to May 1989 and November 1994 to December 1995.  Total average 
TDN of 1.08 ±0.34 mg l-1 in this study was only slightly lower than the average TDN of 
1.11 mg l-1 for the previous study conducted by Doering and Chamberlain (1998).  TDP 
concentrations averaged about the same and was >0.15 mg l-1 9.6% of the time.  Chl a 
concentrations averaged 6.58 ± 1.03 µg l-1 for the sampling period, and only 4.13% 
exceeded the upper limit of 20 µg l-1.  The highest mean concentrations of Chl a occurred 
during September and October.  Overall the system still has an excessive amounts of 
nutrient enrichment, however does not seem to be increasing from previous studies.  
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Table 3: Average monthly TDN ± std. dev (mg l-1), TDP ± std. dev. (mg l-1), and total 
Chl a ± std. dev. (µg l-1) concentrations with percentage greater than recommended upper 
limits over sampling period of April 2005 thru August 2006.  
Month Average TD 
(mg l
-1
  
±std. dev) 
Average TDP  
(mg l
-1
  
±std. dev) 
Average total 
Chl a (µg l
-1
 
±std. dev) 
 
January 1.07 (±0.45) 0.07 (±0.01) 4.73 (±0.17)  
February 1.15 (±0.53) 0.06 (±0.02) 7.92 (±0.64) % of TD >1.0 mg l-1 
March 1.10 (±0.34 0.07 (±0.01) 6.78 (±0.52) 44.39 
April 1.02 (±0.39) 0.08 (±0.02) 4.57 (±0.67)  
May 1.02 (±0.41) 0.09 (±0.02) 4.60 (±0.52)  
June 1.01 (±0.48) 0.14 (±0.03) 4.62 (±0.43) % of TDP >0.15 mg l-1 
July 0.98 (±0.49) 0.13 (±0.02) 6.24 (±0.73) 9.60 
August 0.95 (±0.38) 0.11 (±0.02) 6.48 (±1.09)  
September 1.17 (±0.26) 0.14 (±0.01) 11.27 (±1/46)  
October 1.02 (±0.22) 0.13 (±0.01) 13.50 (±5.19) % of Chl >20 µg l-1 
ovember 1.20 (±0.17) 0.12 (±0.01) 2.82 (±0.40) 4.13 
December 1.19 (±0.16) 0.08 (±0.01) 5.42 (±0.53)  
Total 1.08 (±0.34) 0.10 (±0.02) 6.58 (±1.03)  
 
Average TDN:TDP ratio was calculated at 24.6 for the entire sampling period.  
The mean TDN:TDP was during the wet season 19.86 and was 34.08 for the dry season. 
Previous studies have shown the ratio to be approximately around 35 for the 
Caloosahatchee Estuary (Doering and Chamberlain, 1998). During the wet and dry 
season the ratio is highest at station 1 with variation along the transect (Figs. 45-46, Table 
4).   
 
Table 4: Mean TDN:TDP ratio for wet and dry season at all stations during the sampling 
period. 
Station Wet Season TD:TDP Dry Season TD:TDP 
1 24.78 39.22 
2 18.15 33.38 
3 18.56 28.78 
4 16.57 32.08 
5 18.61 36.40 
6 21.14 32.77 
7 21.19 35.89 
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Figure 45. Mean surface and bottom wet season (May through October) TDN:TDP along 
the seven-station transect.  Distance 0 is station 7 and the furthest station away is station 
1, in SCB.  The largest TDN:TDP ratio is seen at station 1. 
 
Figure 46. Mean surface and bottom dry season (November through April) TDN:TDP 
along the seven-station transect.  Distance 0 is station 7 and the furthest station away is 
station 1, in SCB.  The largest TDN:TDP ratio is seen at station 1.  Dry season TDN:TDP 
is larger than the wet season. 
 
 In Table 5, monthly average DIN:DIP and DON:DOP ratios are calculated for the 
HCE (St 7), LCE (St 4), and SCB (St 1, 2, and 3).  At the HCE, the DIN:DIP ratio varies 
between N limited and P limited, based on the Redfield et al. (1963) stoichiometric ratio 
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of 16:1 (N:P) for balanced growth.  Most of the warmer months were N limited at the 
HCE, and carries into November and December.  DON:DOP was never N limited at the 
HCE.  In the LCE and SCB, DIN:DIP was almost always N limited, except for December 
2005 and January 2006 which were close to or above the 16:1 in SCB.  DON:DOP in the 
LCE and SCB was always above or approximately the 16:1 ratio.  These ratios indicate a 
large availability of organic N and thus can be a potential nutrient source for growth, 
however the bioavailability is unknown. 
 
Table 5. Monthly DIN:DIP and DON:DOP ratios for station 7, station 4, and SCB 
(stations 1, 2, and 3) from sampling period of April 2005 to August 2006.  
 
St 7 
DI:DIP 
St 4 
DI:DIP 
SCB 
DI:DIP 
St 7 
DO:DOP 
St 4 
DO:DOP 
SCB 
DO:DOP 
Apr-2005 34.71 10.06 8.40 50.54 18.94 17.09 
May-2005 25.58 8.66 8.86 37.38 28.64 30.77 
Jun-2005 11.17 9.00 9.01 47.22 21.88 16.48 
Jul-2005 6.99 7.37 5.71 73.86 35.66 33.61 
Aug-2005 6.84 6.13 5.66 40.15 44.72 26.96 
Sep-2005 15.85 4.68 4.66 32.92 21.56 15.51 
Oct-2005 15.31 6.89 9.25 38.20 29.44 31.76 
ov-2005 7.34 7.70 9.38 949.00 46.06 47.84 
Dec-2005 11.53 12.21 15.92 220.20 76.11 52.54 
Jan-2006 28.92 15.17 18.15 105.15 51.01 44.35 
Feb-2006 62.47 5.45 8.06 584.20 144.66 118.43 
Mar-2006 35.47 10.17 7.48 140.30 65.12 57.73 
Apr-2006 20.79 3.45 8.28 110.16 108.53 77.52 
May-2006 11.96 2.99 3.45 34.73 220.75 72.18 
Jun-2006 8.67 0.96 2.72 86.75 99.29 83.06 
Jul-2006 7.00 2.63 1.39 22.71 397.87 1009.26 
Aug-2006 7.93 0.73 2.19 332.04 ND 86.53 
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DO:DI 
 
Dissolved organic nitrogen can often account for the bulk of nitrogen in TDN, 
with inorganic nitrogen making up a smaller portion (Walsh 1989, Seitzinger and Sanders 
1997, Vargo et al. 2008).  Dissolved organic nitrogen has often been overlooked because 
many studies focus on dissolved inorganic nitrogen, which is known to be rapidly 
incorporated by phytoplankton (Boynton et al. 1982, D’Elia et al. 1986, Seitzinger and 
Sanders 1997).  However, portions of DON, such as urea and amino acids, can be 
incorporated by some phytoplankton and bacteria (Wheeler and Kirchman 1986, Gilbert 
et al. 1991, Jorgensen et al. 1993, Seitzinger and Sanders 1997).   
 The mean ratio of DON:DIN along the sampling transect begins with a small ratio 
of 2.70 (± 2.11) at station 7, peaks at station 3 with a mean ratio of 10.59 (± 4.18), then 
decreases to 5.40 (± 2.80) at station 1 (Fig. 47).  DON:DIN approximately 55-65 km 
offshore from SCB gives values of 3.89 (± 0.85).  These data are from ECOHAB 
(Ecology and Oceanography of Harmful Algal Blooms: Florida) cruises that occurred in 
2005 and 2006 (Vargo et al. 2008).  This offshore ratio is less than the mean station 1 
ratio, which is located in SCB, yet falls within the lower range of the standard deviation. 
   
59  
0
2
4
6
8
10
12
14
16
S
ta
tio
n 
7
S
ta
tio
n 
6
S
ta
tio
n 
5
S
ta
tio
n 
4
S
ta
tio
n 
3
S
ta
tio
n 
2
S
ta
tio
n 
1
A
v
e
ra
g
e
 D
O
N
/D
IN
 
     
Figure 47. Average DON:DIN ratio (±std. dev.) at each station along the transect in the 
CE and SCB.  DON:DIN increases from station 1 (head of the estuary) to station 3, then 
decreases to station 1 (further away from the CE).   
 
 During the wet season (May-October), there is larger variability in the DON:DIN 
ratio as compared to the dry season (November-April) (Figs. 48-49), found mostly in the 
lower salinity waters.  The wet season has larger amounts of DON to the amount of DIN 
present, which could be attributed to the warmer more productive months and uptake of 
DIN.  These large differences between DON to DIN concentrations are mostly found in 
estuarine waters (Fig. 48).  During the dry season the DON:DIN is smaller, with an 
exception of three samples with a ratio of approximately 25, found around salinity of 8 
psu (Fig. 49).    
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Figure 48. DON:DIN at various salinities during the wet season (May thru October).  
DON:DIN is largely scattered at salinities less than 20 psu, with concentrations of DON 
over 20 times greater than DIN.  
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Figure 49. DON:DIN at various salinities during the dry season (November thru April).  
The difference between the DON and DIN concentrations is not as large as during the 
wet season, with the exception of three samples with an approximate ratio of 25 around a 
salinity of 8 psu.  
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Flow Rate Effects on Chlorophyll 
 Estuarine Chl a concentrations are effected by river flow most likely through 
flushing time, salinity concentrations, downstream delivery of nitrogen, and turbidity 
(Malone et al. 1988, Borsuk et al. 2004).  Chl a concentrations have been shown to 
correlate with flow rates in the Susquehanna River, part of the Rhode River Estuary 
(Jordan et al. 1991).  Within the Neuse River Estuary, freshwater river flow showed a 
negative effect on Chl a concentrations at the head of the estuary, but a correlation 
between higher flow and high chlorophyll was seen in the mid and lower parts of the 
estuary (Borsuk et al. 2004).  Studies have also shown a seasonal freshwater discharge 
maximum related to the supply of nitrogen downstream and high Chl a concentrations 
(Harding et al. 1986, Schubel and Pritchard 1986, Fisher et al. 1988).   
Within this study, increased Chl a concentrations were evident during decreased 
flow rates at station 7 and warm months.  Station 4 also follows the pattern seen at station 
7.  Flow rates from S-79 are plotted against Chl a concentrations (µg l-1) for surface and 
bottom waters at stations 7 and 4 (Figs. 50-53). 
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Figure 50. Flow rate (m3 s-1) at S-79 and Chl a concentration (µg l-1) at station 7 surface 
from April 2005 thru August 2006.  Decreased Chl a concentrations are noticed during 
high flow rates.  Also peaks of chlorophyll are seen when flow is reduced.  
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Figure 51. Flow rate (m3 s-1) at S-79 and Chl a concentration (µg l-1) at station 7 bottom 
from April 2005 thru August 2006.   Chl a concentrations remain lower in the bottom 
waters compared to surface concentrations, yet follow similar patterns of increases and 
decreases. 
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Figure 52. Flow rate (m3 s-1) at S-79 and Chl a concentration (µg l-1) at station 4 surface 
from April 2005 thru August 2006.  The large increases in Chl a appear during lower 
flow rates and during warmer months. 
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Figure 53. Flow rate (m3 s-1) at S-79 and Chl a concentration (µg l-1) at station 4 bottom 
from April 2005 thru August 2006.   Chl a concentrations show increases during times of 
decreased flow. 
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Extremely high flow rates (over 200 m3 s-1) appear to flush Chl a from the 
estuary.  A dramatic decrease of Chl a in station 4 and 7 surface waters occurred after 
extremely large discharges of water from S-79 starting on 10/28/2005.  The one-point Chl 
a maximum in station 7 surface waters on 10/13/2005 was included based on the 
observance of a Chl a increase seen in station 7 bottom waters. 
 
 
Chlorophyll Fractionation 
Chl a in the lower estuary (station 4) and SCB (stations 1, 2, and 3) is listed in 
Table 6 below as monthly averages of the 0.7-3.0 µm and >3.0 µm size fraction.  Size 
fractionation can be a useful indicator of the potential abundance of diatoms (eg. Pseudo-
nitzschia) and dinoflagellate blooms (eg. Karenia brevis) (>3.0 µm) and cyanobacterial 
blooms (Mycrocystis) (0.7-3.0 µm).  Chl a >3.0 µm dominated the total phytoplankton 
biomass by approximately 66%, 65%, 68%, and 72% for stations 1, 2, 3 and 4, 
respectively.  During July through October 2005, Chl a (>3.0 µm) was above 4.0 µg l-1 at 
the mouth of the CE and in SCB.  Also during June, July, and August 2006, Chl a (>3.0 
µm) was high and varied between 1.24 and 9.62 µg l-1.  Phytoplankton biomass between 
0.7-3.0 µm was elevated above 3.0 µg l-1 in SCB during September and October 2005, 
and also a few instances in the cooler months of January, February, and March 2006.  
Phytoplankton biomass (>3.0 µm) at the mouth of the estuary (St 4) was above 3.0 µg l-1 
approximately 77% of the sampling period.  The smaller-size phytoplankton (0.7-3.0 µm) 
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at the mouth of the estuary reached monthly averages above 3.0 µg l-1 in July, September, 
and October 2005.
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Flow Rate Effects on DO 
During times of hypoxic or stressed marine environments the DO concentration is 
less than 2 mg/l (Doering and Chamberlain, 1997).  All occurrences of hypoxic or anoxic 
events appear at station 7 in the bottom waters (Fig. 54).  Station 7 surface waters never 
reached hypoxic conditions with a DO range of 3.41-9.30 mg l-1 and mean DO 
concentration of 6.16 mg l-1. 
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Figure 54.  Station 7 bottom water concentrations of nitrate + nitrite, DO, and salinity 
during the sampling period.  Decreased DO was measured during 3 sampling days in the 
bottom waters of station 7.  At these times, increased salinity (over 3 psu) and decreased 
nitrate + nitrite (less than 1 µM) were found. 
 
The average bottom depth at station 7 is 6.9 m. Three hypoxic events occurred 
during the summer months of this study period on 6/1/06, 6/29/06, and 7/13/06 (Table 7).  
Density stratification in the upstream estuary occurred during these hypoxic events and 
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showed salinity differences averaging 3.85 psu between surface and bottom waters, with 
salinity reaching up to 6.81 psu in the bottom waters.  This high bottom water salinity of 
6.81 psu occurred during the June 2006 drop in DO.  Mean daily flow was measured 
from 0 to 42.45 m3 s-1.  However, prior 7-day flow averages were low, indicating that 
periods of low flow had been occurring previously.  During this low flow period the Chl 
a values at the beginning of June were 14.88 µg l-1 at the surface for station 7 and 7.21 µg 
l-1  at the bottom; the DO value at the bottom was 0.21 mg l-1. Toward the end of June the 
Chl a values were 9.58 µg l-1 at the surface and the bottom; the DO was 0.33 mg l-1  in 
the bottom waters.  The nitrate+nitrite concentration during this time was depleted to 
approximately 0 µM and phosphate was elevated at around 3.41 µM and above.  
Analytical instrument detection of phosphate was set to 3.75 µM.  Samples on 6/1/06 and 
7/13/06 were off scale for phosphate, indicating concentrations above the detection limit.  
Ammonium values during this time were the largest measured at station 7, reaching 
values of 23.71 µM and greater for the bottom waters of station 7. 
Table 7. Station 7 bottom water quality data and flow for hypoxic events occurring 
6/1/06, 6/29/06, and 7/13/06. 
 Sal 
surface 
(psu) 
Sal 
bottom 
(psu) 
DO 
(mg 
l
-1
) 
O3+ 
O2 
(µM) 
PO4 
(µM) 
H4 
(µM) 
Chl a 
surface 
(µg l
-1
) 
Chl a 
bottom 
(µg l
-1
) 
Daily 
Flow 
(m
3
s
-1
) 
7-day 
flow 
(m
3
s
-1
) 
6/1/06 3.01 6.28 0.21 0.00 >3.75 23.71 14.88 7.21 0 1.34 
6/29/06 1.51 6.81 0.33 0.00 3.41 6.76 9.58 9.58 29.28 9.65 
7/13/06 0.28 3.37 0.68 0.92 >3.75 >23.75 15.58 10.48 42.45 21.27 
 
Doering and Chamberlain (1998) conducted a study from 1985-1989, sampling a 
17 station transect along the CR.  This earlier study showed low DO trends occurring at a 
station slightly downstream from S-79.  They measured DO values below 2 mg l-1  for 
about 25% of their samplings at this station. However, these low values only accounted 
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for 1.2% of their total measured DO concentrations.  During this study, station 7 mean 
DO concentration was 5.01 mg l-1.  Hypoxia or anoxia occurred for 14.7% of the total 
samples from station 7 bottom waters.  Out of the total measured DO samples for all 
stations, hypoxic or anoxic events only accounted for 1.2%.  Although hypoxia does not 
occur often throughout the CE, it appears much more frequently at station 7.   
 
 
ISUS Deployment 
An ISUS nitrate instrument was installed on a floating platform at station 6, 
MARVIN I, to look at a higher resolution of the temporal scale of nitrate within the CE.  
Comparison of the ISUS nitrate data with the mean daily discharge from S-79 suggests a 
relationship between highs and lows for both nitrate and discharge (Fig. 55).  The 
distance downstream from the lock to the ISUS sensor is 11.49 km.  The higher mean 
daily releases of freshwater, over 45.00 m3 s-1, occurred 2.4 days prior to increases in 
nitrate concentrations.  These larger discharges could well correlate with the increases in 
nitrate.  The source of nitrate could be from either upstream of S-79 or between station 6 
and the lock structure.  The Orange River also discharges near the ISUS deployment, 
although minor in comparison to the discharge at S-79, with an average monthly 
discharge of 0.1297 m3 s-1 (Scarlatos 1988).  ISUS nitrate data shows daily peaks and 
valleys.  Figure 56 is a plot of the tide height from MLLW (mean low-low water) near 
Fort Myers and the nitrate concentration from the ISUS.  The tide gauge is located at 
26.6467°N and 81.8717°W, which is near station 5 of this study and is approximately 8.3 
km downstream from the ISUS.  Tidal data was plotted with the ISUS nitrate data to 
compare peaks and valleys on a daily time scale.  Figure 56 suggests high tide correlates 
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with daily decreased nitrate values measured by the ISUS for the peaks occurring after 
4/17/2006.  Prior to this date the ISUS did not have distinguishable spikes and the cause 
of this is unknown. 
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Figure 55. ISUS nitrate data (µM) from deployment at Station 6 plotted against mean 
daily flow from S-79 during April 2006 and May 2006.  Larger discharges occur a 
approximately two days prior to the increase in nitrate concentrations. 
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Figure 56. ISUS nitrate data (µM) from deployment at Station 6 plotted with tide height 
(m) from MLLW at Fort Myers gauge (near station 5) during April 2006 and May 2006.  
High tide correlates with decreased nitrate on a daily temporal scale. 
 
 
 
 
Freshwater Displacement Time 
The amount of time for water to travel downstream from S-79 is impacted by a 
variety of variables.  The discharge of freshwater at S-79 is the primary controlling factor 
during high flow rates and is shown by the dramatic decrease in salinity seen along the 
CE (Scarlatos 1988, Bierman 1993).  Using flow measurements at S-79, displacement 
times were calculated to estimate the necessary time of water to travel a specific distance 
during various flow rates (Table 8).  The river volume from S-79 to stations 7, 6, 5, and 4 
were calculated using 42 cross-sections of the river approximately 1 km apart defined by 
Scarlatos (1988), and are 83,160 m3, 8.79x106 m3, 25.25x106 m3, and 91.95x106 m3 
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respectively.  The volume that water has to travel divided by the flow rate is an estimate 
of the time it takes to be displaced over that volume.  The time to travel the distance 
between S-79 and station 7 (St 7), varies on the order of minutes to hours.  The time for a 
particle to travel through the length of the estuary varies from days to months. Tidal 
fluxes, rainfall, runoff, groundwater discharge, friction, and atmospheric processes 
impact the actual rate.  This simple calculation (see Table 8) shows the influence of high 
flow rates on the time for a particle to move a specific distance.  The time a particle takes 
to reach St 7 and station 6 (St 6) is on the order of hours to days for flow rates over 28.32 
m3 s-1.  The further away from S-79 the longer it takes for freshwater to reach station 5 
(St 5) and station 4 (St 4).  At slower flow rates, there is the potential of other source 
parameters such as, tides, runoff, and biological activity, affecting water quality.   
 
Table 8. Displacement times (hours-days) for each station in the CE at various flow rates 
(m3 s-1). 
Flow rate S79-St 7 (hours) S79-St 6 (days) S79-St 5 (days) S79-St 4 (days) 
8.50 m3 s-1 
 
2.72 11.97 34.38 125.20 
17.00 m3 s-1 
 
1.35 5.98 17.19 62.60 
30.00 m3 s-1 
 
0.77 3.39 9.74 35.47 
45.00 m3 s-1 
 
0.51 2.26 6.49 23.65 
60.00 m3 s-1 
 
0.39 1.70 4.87 17.74 
85.00 m3 s-1 
 
0.27 1.20 3.44 12.52 
140.00 m3 s-1 
 
0.17 0.73 2.09 7.60 
285.00 m3 s-1 
 
0.08 0.36 1.03 3.73 
 
The general trend of salinity at station 4 and the displacement time is seen in 
Figure 57.  High flow rates (short travel times) correlate with decreased salinity at the 
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mouth of the estuary, except between April and May 2005.  The displacement time to 
reach station 4 was calculated using a 7-day average flow rate for the sampling period.  
The 7-day average flow was calculated from the 7 days prior to a sampling, and was used 
to give a more accurate representation of discharge.  
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Figure 57.  Displacement time calculated from a 7-day mean flow and mean salinity at 
station 4 from April 2005 thru August 2006.  Displacement time correlates with the 
salinity at station 4. 
 
The particle travel time from S-79 to St 7 follows a close relationship, which is 
due to the short distance between these two points.  In Figure 58, the surface salinity at 
station 7 is plotted with the displacement time (hours).  The displacement time was 
calculated using mean daily flows.  Displacement time on the order of a couple hours 
and/or more is indicative of extremely low flows, less than 8.50 m3 s-1.  Most of the larger 
salinity values coincide with decreased flow/increased displacement time.  Two of the 
largest increases in salinity at St 7, 1/27/2006 and 6/1/2006, associate with very slow 
displacement times over 14 hours.   
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Figure 58. Displacement time calculated from mean daily flow and surface salinity at 
station 7 from April 2005 thru August 2006.  Displacement time for water to reach station 
7 is on the order of hours. Most of the large spikes in salinity correlate with longer travel 
times (decreased flow). 
 
The variation of salinity seen during longer displacement times leads to the 
conclusion that other factors, such as tides, are outweighing flow rate.  Incoming 
seawater has an effect on the salinity at station 4 and can even impact station 7 during 
diminished flows.  The tidal range of 0.75 m near station 4 (NOAA Tides and Currents) 
along with the freshwater fraction present will govern the salinity ranges during most 
flows and particularly during diminished discharge.   
When applying the approximated displacement time to the ISUS time series, the 
high discharge peaks have an offset correlation with increased nitrate (Fig. 55).  The first 
sizable discharge peak was associated with a flow of 60.71 m3 s-1and a displacement time 
of approximately 2 days.  The corresponding nitrate peak appears about 2-3 days later.   
The second discharge peak had a flow of 52.47 m3 s-1, and an estimate displacement time 
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of approximately 2 days.  Again the increased nitrate concentrations are seen after 2-3 
days. 
 
 
 
Flushing Time 
Flushing times are useful for determining how long a biological organism or 
pollutant will remain in a given estuary/bay.  Nutrient concentrations within an estuary 
were found to be highly correlated with the flushing times (Eyre and Twigg 1997).  The 
flushing time of the Caloosahatchee Estuarine region is also useful to show the 
correlation between lock water releases and its influence on water quality parameters 
downstream.  An effective means of calculating the flushing time is the fraction of 
freshwater method, first introduced by Lauff (1967).  It has been used by researchers to 
estimate the flushing time of many estuaries (Pilson 1985, Alber and Sheldon 1997, Hagy 
et al. 2000, and Huang and Spaulding 2002).   
The method used for this study was modified from Dyer (1973) by multiplying 
the amount of water in a given segment of the estuary by a fraction of salinity to 
determine the amount of freshwater present.  Dyer calculated flushing time as T=Q/R, 
where T is flushing time, Q is total amount of water in a whole or section of the estuary, 
and R is the river flow.  The fraction of freshwater (f) within a certain segment of an 
estuary is given by f=(Ss-Sn)/Ss, where Ss is the end-member salinity (typically seawater) 
and Sn is the salinity at a given segment of the estuary.  By multiplying the volume of 
water in the estuary by the fraction of freshwater, f, then the flushing time can be 
calculated.  This produces the equation: 
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The volume of water (Q) within the CE was calculated by cross-section segments 
previously measured (Scarlattos 1988).  The CE was broken into 42 segments 
approximately 1 km apart from S-79 to the mouth of the river (station 4), and the cross 
section area was measured.  From these measurements the total volume (Q) from station 
7 to station 4 was calculated to be 91.951 x 106 m3.  Station 4 monthly salinity was 
averaged for Ss, CE monthly salinity was averaged for Sn, and monthly flow from S-79 
was averaged for R.  S-79 water flux is the major source of freshwater to the estuary and 
was the only source used for the flushing time calculation. The next major tributary 
within the estuary, after S-79, is the Orange River which averages monthly freshwater 
discharge from 0.007-0.3710 m3 s-1 (Scarlattos 1988).  This is not significant enough to 
affect the results.  Wind, rain, runoff, tides and other small tributaries are other 
parameters excluded, as in other estuaries (Hagy 1996, Alber and Sheldon 1999).  The 
flushing time for the CE ranged from 2.14 to 35.13 days with a mean of 14.02 days 
(Table 9). 
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Table 9. Flushing time calculated from monthly averages, from station 4 to 7, and 
equation parameters: Ss is the end-member salinity (typically seawater), Sn is the salinity 
of the CE, R is the flow rate (m3 s-1), Q is the volume of the CE (m3), and T is the 
flushing time (days). 
 Ss (psu) Sn (psu) R (m
3
 s
-1
) Q (m
3
) T (days) 
Apr-2005 18.84 4.89 68.84 91.951 x 106 11.45 
May-2005 16.01 4.17 92.49 91.951 x 106 8.51 
Jun-2005 12.58 3.28 234.09 91.951 x 106 3.36 
Jul-2005 2.42 0.82 328.20 91.951 x 106 2.14 
Aug-2005 3.38 0.97 217.09 91.951 x 106 3.49 
Sep-2005 8.04 2.80 133.32 91.951 x 106 5.21 
Oct-2005 8.19 2.41 115.05 91.951 x 106 6.52 
ov-2005 2.71 0.80 252.61 91.951 x 106 2.96 
Dec-2005 1.76 0.56 159.64 91.951 x 106 4.54 
Jan-2006 11.16 5.38 31.86 91.951 x 106 17.29 
Feb-2006 14.75 4.98 43.45 91.951 x 106 16.23 
Mar-2006 17.73 5.63 32.71 91.951 x 106 22.20 
Apr-2006 19.83 7.24 28.98 91.951 x 106 23.32 
May-2006 21.80 8.63 18.30 91.951 x 106 35.13 
Jun-2006 20.65 9.26 18.29 91.951 x 106 32.10 
Jul-2006 11.97 2.87 31.09 91.951 x 106 26.02 
Aug-2006 15.71 5.26 39.63 91.951 x 106 17.86 
 
 
Flushing time of the CE can give a time scale of the removal of nutrients and 
other water quality parameters within the estuary.  Flushing time was plotted against 
freshwater discharge and fitted by a power law (Fig. 59).  This has a high correlation of 
r2=0.996.  Flushing time was also plotted against salinity (Fig. 60) with a linear 
regression r2 = 0.7522.    
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Figure 59. Flushing time (days) plotted against discharge at S-79 (m3 s-1) with a power 
law applied.  There is a very close correlation between flushing time and discharge as 
seen by the large r2=0.996. 
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Figure 60. Average monthly salinity of CE (psu) plotted against flushing time (days) 
with a linear regression r2 = 0.7522. 
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Average salinity follows the flushing time of the time series reasonably well.  
During periods of high fresh water flow coming from S-79 the flushing time of the lower 
river decreases along with the average monthly salinity (Fig. 61).  
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Figure 61. Average monthly salinity of CE (psu) follows the calculated flushing time 
(days) very closely from April 2005 thru August 2006.   
 
 
utrient Loading  
 Estuarine nutrient loadings (mol s-1) are useful calculations to determine how 
much nutrient loading is potentially available from estuarine and riverine systems to 
coastal and offshore environments.  Monthly average nutrient loadings for DON, DIN, 
DOP and DIP were calculated by multiplying the average monthly concentration (µM) at 
the head and mouth of the estuary (St 7 and St 4), by the mean monthly flow rate (m3 s-1) 
from S-79 (Figures 62-63, Tables 10-11).  Loading from station 4 assumes the same flow 
rate from S-79. 
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Figure 62. Average monthly DIN and DON loading (mol s-1) at station 7 and station 4 
with monthly flow rate from S-79 (m3 s-1)(during the sampling period April 2005 to 
August 2006. 
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Figure 63. Average monthly DIP and DOP loading (mol s-1) at station 7 and station 4 
with monthly flow rate from S-79 (m3 s-1) during the sampling period April 2005 to 
August 2006. 
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 Since nutrient loading rates are based upon flow rate, DIN, DON, DIP, and DOP 
loading is largest during the months with increased discharge from S-79.  During large 
releases of freshwater, the amount of DIN being transported out of the estuary can reach 
considerably above 1 mol s-1, and the amount of DIP can reach considerably above 0.3 
mol s-1.  During the sampling period, monthly loading of DIN at station 7 ranged from 
0.363 to 10.817 mol s-1 and station 4 ranged from 0.040 to 8.721 mol s-1.  The percent 
difference from station 7 loading to station 4 loading is plotted against the flow rate in 
Figure 64.  During the highest flow rates, the difference in loading between station 7 and 
station 4 is the lowest (r2=0.7914).  Monthly DON loading at station 7 ranged from 1.055 
to 25.530 mol s-1 and station 4 ranged from 0.738 to 17.776.  Monthly loading of DIP at 
station 7 ranged from 0.041 to 1.473 mol s-1 and station 4 ranged from 0.027 to 0.969 mol 
s-1.  During were 4 monthly averages when the DIP loading at station 4 was greater than 
the DIP loading from station 7, suggesting a source of DIP can be found within the CE.  
Monthly loading of DOP at station 7 ranged from 0.005 to 0.541 mol s-1 and station 4 
ranged from 0.000 to 0.813 mol s-1.  The majority of the time there were larger amounts 
of DOP at station 4 than at station 7, therefore the CE is a potential DOP source.    
 
 
   
84  
y = -0.3139x + 86.955
R
2
 = 0.7914
-10
0
10
20
30
40
50
60
70
80
90
100
0 50 100 150 200 250 300 350
Flow (m
3
s
-1
)
%
 D
if
fe
re
n
c
e
 o
f 
D
IN
 l
o
a
d
in
g
 f
ro
m
 S
t 
7
 t
o
 S
t 
4
 
Figure 64. Percent difference from station 7 DIN loading to station 4 DIN loading and 
flow rate (m3 s-1).  High flow rates correlate with a smaller percent difference.  An overall 
decrease of difference in loading with flow rate is seen (r2=0.7914).  
   
 Prior studies by Doering (2006) measured daily nutrient loading mean values of 
7018 kg d-1 for TN and 657 kg d-1 for TP at S-79.  Maximum loading was calculated at 
46,885 kg d-1 for TN and 5,141 kg d-1 for TP.  These loading values are from 
measurements taken from 1985 to 2003, through various sampling projects.  Vargo et al. 
(2008) also calculated loadings from measurements taken at the mouth of the CR from 
1998 to 2001 and found ranges of 1000-5000 kg d-1 for total total Kjedhal nitrogen (TKN) 
and 155-400 kg d-1 for TP.  For this study’s sampling period, TKN and TP mean loading 
was calculated from transect stations 4 (near mouth of CR) and 7 (near S-79). TN loading 
at station 7 averaged 11,974 kg d-1 and ranged from 1,911 to 33,240 kg d-1.  These 
numbers fall into the range calculated by Doering (2006).  TKN loading at station 4 
averaged 7,573 kg d-1 and ranged from 941 to 26,034 kg d-1.  The mean and upper range 
was much higher than the calculations by Vargo et al. (2008).  TDP loading at station 7 
   
85  
averaged 1129 kg d-1 and ranged from 187 to 3857 kg d-1.  These numbers also fell into 
the range calculated by Doering (2006).  TDP loading at station 4 averaged 1089 kg d-1 
and ranged from 80 to 3616 kg d-1. This mean and upper range was much higher than the 
calculation by Vargo et al. (2008).  One reason for these larger estimates of nutrient 
loading at station 4 could be from the abnormally high S-79 discharge during this study.  
These large mean nutrient load calculations from station 4 could provide a potential 
outflow of nutrients to support biological growth.   
 
 
Loading and K. brevis 
 A unique variable in this study was the occurrence high discharge rates from S-
79.  Such large fluxes have the potential to transport nutrient enriched waters from the 
upstream estuary into SCB and support growth and maintenance of harmful algal blooms 
such as K. brevis.  During this sampling period K. brevis abundance measurements were 
made in SCB (Table 12).  Based upon established N and P cell contents of K. brevis, and 
an average growth rate, the N and P flux required to support the observed K. brevis 
populations in SCB were calculated.  The calculation is defined as K. brevis counts 
divided by the average growth rate and then multiplied by the estimated N and P content 
of the cell.  The N and P cell content of blooms were assumed to be 1.08 x 10-5 µg and 
4.88 x 10-7 µg, respectively, with a growth rate of 0.2 divisions day-1 (Heil 1986, Van 
Dolah and Leighfield 1999, Vargo et al 2008).  The calculated N flux requirement ranged 
from 0.017-270.0 µM day-1 and P flux requirement ranged from 0.001-12.20 µM day-1. 
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Table 12.  K. brevis bloom cell concentration ranges in SCB during 2005 and 2006 and 
the calculated N and P flux (µM day-1) required to support growth of the observed 
abundance.  A growth rate of 0.2 divisions day-1 was assumed and N and P cell content as 
1.08 x 10-5 µg and 4.88 x 10-7 µg, respectively.    
 K. brevis abundance in 
SCB (cells l
-1
 x 10
3
) 
Calculated  
requirement  
(µM day
-1
) 
Calculated P 
requirement  
(µM day
-1
) 
8/31/2005 1100 2.376 0.107 
9/6/2005 33 0.071 0.003 
9/13/2005 187 0.404 0.018 
9/15/2005 9-207 0.446 0.020 
9/21/2005 333 0.719 0.033 
9/27/2005 100-213 0.460 0.021 
6/15/2006 21 0.044 0.002 
6/29/2006 2-133 0.287 0.013 
7/6/2006 31-60 0.130 0.006 
7/11/2006 1790-125,000 270.0 12.20 
7/13/2006 1630-2750 5.940 0.268 
7/19/2006 10-143 0.309 0.014 
7/27/2006 16-133 0.287 0.013 
8/10/2006 1-8 0.017 0.001 
 
 The nutrient supply necessary to maintain K. brevis blooms found in SCB was 
estimated based on the monthly loading calculations from Tables 10-11.  Assumptions 
were made for these calculations, such as the flow rate from S-79 was the same rate used 
for loading in the LCE, and that the loading coming out of the estuary was completely 
mixed in the volume of SCB.  The volume of SCB was calculated to be 197.45 km3 
(Goodwin 1996).  Thus, the loading from St 4 diluted into the volume of SCB gives the 
estimate amount of nutrient fluxed daily into the system, available to potentially support 
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observed K. brevis populations in this region (Table 13).  Based on these estimates of 
nutrient fluxes, the DIN and DIP was enough to support the blooms in SCB in 2005 and 
most of 2006.  During the large bloom measured on 7/11/2006, the amount of DIN was 
not enough to support the bloom, however enough DON was present to supply the 
remaining N that was needed.  However the amount of DON that is bioavailable is 
unknown. 
 
Table 13. Estimated monthly nutrient (DIN, DON, DIP, and DOP) flux (µM day-1) 
calculations into SCB, based upon dividing the loadings from station 4 (Table 10-11) by 
the volume of SCB (197.45 km3).  Complete mixing with the bay is assumed.  
 DI (µM day
-1
) DO (µM day
-1
) DIP (µM day
-1
) DOP (µM day
-1
) 
Apr-2005 361.61 1266.62 35.93 66.87 
May-2005 463.17 1177.34 53.51 41.11 
Jun-2005 3815.98 7778.51 423.84 355.56 
Jul-2005 1811.62 6091.19 245.74 170.80 
Aug-2005 1340.56 5089.23 218.69 113.80 
Sep-2005 449.79 3185.46 96.18 147.75 
Oct-2005 630.14 2465.91 91.44 83.76 
ov-2005 2835.26 6684.89 368.14 145.13 
Dec-2005 1816.10 4166.06 148.80 54.74 
Jan-2006 265.34 518.57 17.49 10.17 
Feb-2006 63.60 862.70 11.66 5.96 
Mar-2006 127.08 591.17 12.50 9.08 
Apr-2006 48.96 546.05 14.19 5.03 
May-2006 42.04 332.89 14.07 1.51 
Jun-2006 17.50 323.00 18.30 3.25 
Jul-2006 126.90 344.63 48.21 0.87 
Aug-2006 32.78 630.12 45.11 0.00 
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DISCUSSIO 
 The Caloosahatchee River is a long slender waterway that is undeniably affected 
by regulation of the locks, along with changes in rain, tides, runoff, and withdrawal of 
water.  These factors can affect the overall ecology of the estuarine system and the nearby 
Gulf of Mexico along with flow rate based calculations.  The monitoring of lake levels 
coincides with the wet and dry seasons along with other need-based factors.  For 
example, during the wet season and in preparation for hurricane season, water from Lake 
O is released into the CR to lower the lake stage.  Downstream at lock S-79, water flow 
rates follow the precipitation pattern but are more directly associated by spillway 
openings (used to meet salinity regulations at Fort Myers) and traffic monitoring by the 
U.S. Army Corps of Engineers.   
 During times of decreased flow, salt water intrusion can reach up to S-79.  This 
intrusion of saline waters can disrupt the ecological balance and adversely impact the 
ecosystem, such as certain seagrasses and fish that need a particular salinity for their 
sustainability (Doering and Chamberlain 2000, Chamberlain et al. 2003, South Florida 
Water Management District 2003).  Increased salinity near station 7 was related to 
decreased flows from S-79 of approximately 0 to 28 m3 s-1.  A salt water wedge occurs at 
all stations, and is most dramatic between 3, 4, 5 and potentially 6 during zero to low 
discharge.  The gradient between surface and bottom waters and between the stations is 
highly dependent on the water flux coming down the river. Thus during the dry season, 
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when flow is low due to agricultural and consumption needs or during periods of low 
flow and precipitation, a larger salinity wedge occurs and extends further upstream. 
Minimum flow levels of 8.50 m3 s-1 are recommended by SFWMD (2000) to 
maintain a healthy estuarine system. In our study there were many days where the flow 
was below this minimum value. Also the recommended maximum daily flow is around 
71-85 m3 s-1 to limit harmful impact to seagrasses, oysters, zooplankton, and shrimp and 
crab larvae (Chamberlain and Doering 1998, Doering et al. 2002). During this study 
period of April 2005 to August 2006 there were numerous days where the recommended 
maximum daily flow was greatly exceeded, in fact over 43% of the time.  Figure 8 shows 
salinity for the lower CE (St 4) and SCB (St 3) at flow rates from S-79 for 7-day and 21-
day averages.  This figure shows a number of times where the S-79 flow rate did not 
exceed the maximum limit, yet still produced a salinity that could be harmful to the 
ecology.  During the 2005 Report Card of the Caloosahatchee River, the watershed 
received a grade of a "C-", indicating "poor" hydrological conditions resulting in bad 
water quality (Conservancy of Southwest Florida, 2005).   
As seen in Figure 54, there was a period (Summer 2006) when dissolved oxygen 
levels reached values less than 1 mg l-1 for multiple samples taken during the months of 
June and July at station 7. During hypoxic conditions when dissolved oxygen is reduced 
or almost completely depleted, denitrification can occur (Burton and Liss, 1976). The use 
of nitrate as an electron acceptor led to the depleted nitrate values during the hypoxic 
events in June and July of 2006 (Table 7).  This location also saw the same results during 
the month of June in 2000 (Doering and Chamberlain, 2005).  The June 2000 drop in DO 
was correlated with high Chl a concentrations at surface waters, related to an algal 
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bloom.  During the 6/29/2006 sampling, there was a high Chl a concentration of 17.07 µg 
l-1  at station 5, approximately 15 km downstream. The flux of water from the lock from 
the day prior and the sampling day show discharge of and 43.41 m3 s-1 and 29.53 m3 s-1, 
consecutively. This flux of water could have washed the higher Chl a concentrations, or 
potential algal bloom, downstream. The salinity in the bottom waters of station 7 was 
6.81 and 1.50 at the surface, indicative of vertical stratification.  Mean flow rates of about 
0 occurred a few days prior to the sampling, creating the large salinity gradient at station 
7.  The small fluxes of freshwater did not allow thorough mixing to occur.  This hypoxic 
region was a result of the low flow from the lock the previous week.  Periods of low flow 
lead to long flushing times, thereby potentially causing eutrophic water conditions.       
Over the years, nutrient loads have been linked with the growth of excessive 
aquatic plants, marine and planktonic algae, and other biomass (SFWMD, 2005).  During 
this study period, times of increased nutrients and low flow are factors that yield 
excessive growth, as evidenced by the low DO concentrations measured and the 
increased Chl a (Table 7).  Previously established upper limits for acceptable water 
quality have recommended Chl a concentrations to not exceed 20 µg l-1  (Degrove 1981).  
In this study, Chl a values were elevated to about 15 µg l-1  in the surface waters for part 
of June and July 2006.  These values do not exceed the upper limit, yet are large enough 
to suggest growth.  Subsequent algal die-off can lead to decreased dissolved oxygen in 
the water column, which alters the ecology of the CE. 
 
Preliminary models linking flow rate and salinity distribution within the 
Caloosahatchee Estuary have provided initial estimates for a MFL, yet no model has been 
completely verified or calibrated (Edwards et al. 2000, Sheng 2001, Peterson et al. 2002).  
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A MFL is needed to maintain a salinity of 10 psu to protect Vallisneria americana, a 
valuable component most densely found in the mid CE region (Doering et al. 1999, 
Doering et al. 2002).  Estimates from a 1995 study predict 8.50 m3 s-1 flows to produce 10 
psu at Fort Myers (station 5), but require an additional 5.66 m3 s-1 from other inflows.  
This estimated 14.16 m3 s-1 flow (8.50 m3 s-1 from S-79 plus 5.66 m3 s-1 from other 
inflows) approximates mean flow 43% of the time below and 57% of the time above 
(SFWMD 2003).  The study also predicted that with a 2020 restudy 8.50 m3 s-1 is less 
likely to produce 10 psu at Fort Myers.  2020 is the year in which 30 years of data will 
have been collected to calibrate a better model.  The results from our study indicate that 
8.50 m3 s-1 releases from S-79 clearly provided insufficient freshwater to maintain a 
salinity of 10 psu at station 5.  During the months of May and June 2006, average 
monthly surface salinity at station 5 was 10.25 and 10.29 respectively.  The 
corresponding average monthly flow for May was 18.30 m3 s-1 and June was 18.29 m3 s-1.  
These discharge rates are much closer to the predicted model calculation of 14.16 m3 s-1, 
albeit still higher.  
High pulses of water can also be detrimental to estuarine ecosystems.  Freshwater 
discharges from S-79 show correlation between water quality parameters and high flow 
rates.  Based on mean daily flow rates, 7-day average flow rates, displacement time 
calculations, flushing time calculations, and water quality comparisons, certain 
assumptions can be made about discharge effects on water quality for sections of the CE.  
The HCE, station 7, is a close representation of upstream waters being discharged from 
S-79, due to its near proximity to the lock structure.  During average and 7-day low flow 
rates, 0-22.00 m3 s-1, salinity intrusion is noticed for surface and bottom waters at the 
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HCE.  Consequently downstream waters play as large a factor during low flow, if not 
more, than discharges from S-79.   
Determining freshwater inputs from S-79 to the downstream portions of the CE is 
difficult.  Generalizations can only be made during large pulses of water.  Discharge of 
45.00 m3 s-1 or less allows for saline waters to reach the UCE (station 6).  It takes 
approximately 2 days, or slightly longer, for fresh water from S-79 to reach the UCE at 
that flow rate (Table 8).  However, flows over 140.00 m3 s-1 reach the area on the order of 
hours.   
The MCE (station 5) is hard to classify due to large proportions of fresh and 
saline waters entering this region, along with numerous other inputs such as tributaries 
and wastewater treatment facilities, which can potentially be important during drought 
and extreme low flow conditions.  Salinity over 20 psu is considered detrimental to the 
ecology of the area and violates the F.A.C. Chapter 40.E.8.221 (South Florida Water 
Management District 2003). This study had periods of zero or low flow (less than 8.50 
m3 s-1), but salinity was not measured adequately to determine if the statute was violated.  
Freshwater from S-79 was found to reach the MCE in approximately 10 days at a flow 
rate of 30.00 m3 s-1(Table 8).  Extreme high flow (285.00 m3 s-1) can reach the area in 
about a day.   
River flow affects the LCE (station 4) at high flow rates.  Extreme high flow 
(285.00 m3 s-1) impacts the mouth of the estuary within a few days (Table 8).  This area is 
where large amounts of variation occur as marine and fresh waters mix.  Salinity 
measurements averaged from almost 0 to above 20 psu during this study.  When large 
discharge occurred at S-79, salinity reached low values and high concentrations of 
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nutrients were observed at the mouth of the estuary, particularly nitrate+nitrite as seen in 
Figures 21-23.  In Figures 21 and 22, nitrate + nitrite concentration is largest when there 
is a high flow rate from S-79.  The concentration of nitrate + nitrite at station 4 compared 
to the concentration of nitrate + nitrite at station 7 is shown in Figure 23 for high flow 
rates over 150 m3 s-1.  This ratio depicts comparable concentrations of nitrate + nitrite at 
both stations 4 and 7.  During these extreme high flow rates, concentrations of nitrate + 
nitrite at station 7 appear to be transported to station 4 indicating that large pulses of 
water are carrying nitrate+nitrite downstream, and potentially into SCB and the GOM.   
Silica is seen as a conservative tracer for this system.  The difference between 
silica at station 7 and 4 (Fig. 40) is comparable with nitrate+nitrite differences for high 
flow rates above 140 m3 s-1.  Silica is seen as conservative within the CE, therefore 
during these high flow rate events nitrate + nitrite can also be potentially conservative.  
High phosphate concentrations appear downstream (station 4) during times of high flow 
rates, but also have high concentrations during diminished flow (Figs. 28-29).  During 
low flow rates the phosphate concentration is highly variable (Fig. 31), indicating rapid 
recycling and the buffering process which is often noticed within an estuary (Liss 1976).  
Another possible process affecting the nutrient regime at the head and mouth of 
the CE could be biological productivity.  Variations in water flow and precipitation have 
been shown to influence photosynthetic production (Cloern 1991, Malone et al. 1988) 
and elevated river discharge carrying nutrients has been coupled with productivity.  
Diminished nitrate+nitrite values at the mouth of the estuary were measured during low 
discharge and warm months, the ideal time for production.  
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During this sampling period a bloom of the harmful algal species, K. brevis, was 
present during the summer months of August through September 2005 and June through 
August 2006 (K. brevis counts were not included for subsequent months after August 
2006).  Based upon the average monthly nutrient flux into SCB, sufficient DIN (µM day-
1) was supplied to support the K. brevis blooms present in the SCB region in 2005 and 
2006, except for the large bloom that was present on July 11, 2006.  However, the 
amount of DON being fluxed into SCB could supply the N needed to support the bloom 
if the entire DON was bioavailable.  DON has been suggested as a source of potential N 
for coastal blooms (Vargo et al. 2004, Heil et al. 2007, Vargo et al. 2008).  Flow rate 
from S-79 during these K. brevis blooms varied from extreme high flows in July, August, 
and September 2005 to lower flow rates in June, July, and August 2006.  In 2005, the 
blooms measured in SCB reached 1,100 x 103 cells l-1 and the 2006 blooms reached up to 
125,000 x 103 cells l-1.  These extreme large discharge events in 2005 could have 
potentially kept the bloom from reaching those high values as seen in 2006.  It is also 
important to note that during these blooms, other potential harmful algae (Pseudo-
nitzschia) were also present; therefore the amount of nutrients fluxed into SCB might not 
have exclusively supported K. brevis blooms.          
 More frequent sampling, along with collective hydrological measurements of the 
Caloosahatchee Estuary will provide better estimates for water quality correlation with S-
79 discharge and the potential to stimulate and maintain harmful algal blooms. 
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COCLUSIOS 
Freshwater flow from S-79 impacts the ecology of the Caloosahatchee Estuary.  
During times of diminished flow in the warm summer months, hypoxic conditions 
occurred in the upper estuary along with depleted nitrate + nitrite and elevated Chl a, 
potentially causing a stressed environment.  Although decreased flow rates can have 
detrimental effects on estuarine environments by allowing marine waters to intrude 
upstream, extreme large pulses of freshwater can also have effects on the downstream 
estuary, surrounding coastal environment, and ecology.   
From this study, conclusions can be drawn that at flow rates greater than 140.00 
m3 s-1, nitrogen enriched waters are transported from upstream into SCB, potentially 
supporting coastal algal blooms.  The amount of N and P loaded into SCB was estimated 
to be enough to support the K. brevis found in the SCB region, during most of the time it 
was present.  Large amounts of DON were present and could possibly be a source of N 
when there is not enough DIN present to support coastal algal blooms.  However, the 
bioavailability of DON for this study is unknown.  A majority of the time, larger amounts 
of DOP were found at the mouth of the estuary as compared to the head of the estuary, 
indicating the CE as being a source of DOP.  The CE contained excessive amounts of 
nutrients during this study period; however the nutrient concentrations do not seem to be 
increasing from previous studies.  The close linearity of nitrate + nitrite, phosphate, and 
silica concentrations with these extreme high flow rates suggests that discharge from S-
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79 can dominate over biological and other processes in the estuary for delivery of 
nutrients under high flow conditions.  Minimum flow levels have been designed to 
protect essential flora and fauna, however regulations need to be set for maximum flow 
levels as well.    
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Appendix A: Station 1, 4, and 7 average salinity during sampling period with daily 
mean, 7-day mean, and 21-day mean flow rates (m3 s-1).  
Sampling 
date 
Daily 
flow 
7-day 
average 
flow 
21-day 
average 
flow 
S7 
average 
salinity 
S4 
average 
salinity 
S1 
average 
salinity 
4/14/2005 13.59 108.92 84.66 ND 18.75 31.94 
4/29/2005 30.38 42.70 76.58 0.20 18.93 31.97 
5/12/2005 102.76 158.77 90.05 0.21 13.27 32.98 
5/26/2005 34.86 100.83 99.25 0.25 18.74 32.73 
6/9/2005 261.45 254.27 147.84 0.17 ND ND 
6/23/2005 206.77 125.12 233.59 0.22 12.58 30.65 
7/7/2005 266.38 277.40 215.92 0.17 2.42 29.60 
7/21/2005 314.03 319.02 333.85 0.13 ND 26.76 
8/4/2005 267.99 291.51 308.77 0.17 3.38 28.37 
9/1/2005 133.83 193.20 210.53 0.18 9.14 ND 
9/15/2005 41.26 151.77 163.15 0.19 10.03 29.51 
9/29/2005 190.66 103.78 125.40 0.20 8.47 30.96 
10/13/2005 33.10 30.85 85.10 0.71 11.96 28.59 
10/27/2005 304.76 158.76 71.98 0.16 4.42 24.70 
11/10/2005 242.00 314.23 268.19 0.17 2.71 19.87 
12/1/2005 218.72 210.41 220.13 0.16 1.17 ND 
12/15/2005 161.72 209.43 213.99 0.15 3.65 29.09 
1/12/2006 0.00 36.01 65.76 0.16 11.16 31.35 
1/27/2006 25.08 2.24 10.62 3.85 ND ND 
2/9/2006 42.25 64.91 27.56 0.20 13.91 30.06 
2/23/2006 32.24 74.58 51.73 0.27 15.59 32.05 
3/23/2006 2.07 36.66 42.72 0.20 17.73 34.42 
4/6/2006 27.35 44.16 31.18 0.29 17.18 36.36 
4/18/2006 48.54 18.49 24.41 0.21 22.49 ND 
5/4/2006 9.06 32.32 26.29 0.21 23.19 34.96 
5/18/2006 15.97 14.74 24.90 0.72 20.41 33.84 
6/1/2006 0.00 2.67 15.26 4.66 21.26 33.60 
6/15/2006 29.39 16.12 12.58 1.77 21.02 32.92 
6/29/2006 43.41 9.65 15.71 4.16 19.66 34.68 
7/13/2006 45.59 26.34 20.54 1.28 9.90 32.47 
7/27/2006 14.16 49.51 35.74 0.27 7.57 31.07 
8/10/2006 8.66 13.00 27.39 0.34 15.71 33.21 
 
 
